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In recent years, the U.S. Northern Rocky Mountain Region has undergone a broad shift in
landscape resulting in previously working agricultural, forestry, or other natural resource-based
lands transitioning into residential and commercial development. Sprawl, exurban development,
loss of crop and forest land have been identified as development concerns in the region. The
region is unique because it is generally comprised of smaller metropolitan and micropolitan
centers and highly dispersed rural towns making haphazard development issues a concern across
the rural-urban continuum. To identify and describe shifts in development patterns from 2001 to
2016, structural landscape metrics were used to measure the change in composition and
configuration of development patterns in sub-regions in the Northern Rocky Mountain Region.
Changes in all development were measured to assess compositional and configurational shifts.
Change in developed area, low density development, loss of crop/forest land, dispersion, shape,
and isolation of development were used as metrics. A Sprawl index, based on five indicators
framed around composition and configuration, identified haphazard sprawling development
patterns. The changes in development were assessed and summarized to identify regional
development trends. The region experienced widespread development from 2001 to 2016 with an
increase in total new development of 287.2 km² or a 2.2% increase. Areas of development, not
including roads, increased by 76.9 km² or 4.0%. Low Density Development increased by
111.3 km² or 1.7% from 2001 to 2016. Across the region, 64.7 km² were converted from
crop/forest land into development, or 22.5% of all the new development. Regional trends showed
development the region became slightly less dispersed, more irregularly shaped, and less
isolated. Metropolitan and Micropolitan sub-regions emerged as sprawl and development hot
spots, but Small town and Rural sub-regions also experienced widespread new development and
urbanization. Extensive energy site development from 2001 to 2016 was apparent, primarily in
Wyoming. The results present a structural analysis, description, and discussion of development
patterns and their implications in the Northern Rocky Mountain region which can be applied in
regional land-use management and planning.
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INTRODUCTION
The American West, and notably the Northern Rocky Mountain Region (NRMR), has
experienced a shift in land use and land-cover patterns with the proliferation of residential
development into previously open land. Increasing population, restructuring economies, shifting
sociodemographic composition, and changing community values influence these changes
described as “landscapes of production” transitioning into “landscapes of consumption”
(Riebsame, Gosnell, and Theobald 1996; Theobald 2001; Travis 2007). Landscapes of
production are valued for the commodities they produce, and in landscapes of consumption, the
land is the commodity “being consumed” (Cadieux and Hurley 2011; Darling 2005). High
natural amenity areas, areas valued for their beauty or recreational access, experienced high rates
of migration and population growth beginning in the 1970’s, referred to as amenity migration
(McGranahan 1999). Amenity migrants, as suggested by their motivations, prioritize land for its
consumptive value (e.g., aesthetics, recreation, etc.) and choose to migrate to “natural places”
often in rural communities (Albrecht 2010; Gosnell and Travis 2005; Riebsame, Gosnell, and
Theobald 1996). The NRMR, an area highly regarded for its natural amenities, has largely been a
landscape in transition.

Development in the Region
New development in the NRMR has widely occurred as sprawl and exurban development
(Abrams et al. 2012; Theobald 2005; Travis 2007). Sprawl, or the spreading out of development,
has long-been considered an undesirable growth pattern in terms of land use planning and
management because of its inefficiency and consumption of open space (Randolph 2004).
Exurban development, a development pattern associated with amenity migration, specifically
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refers to a form of sprawl in which the rural area surrounding an urban area increases in
residential development (Newburn and Berck 2011; Spectorsky 1955). Exurban development is
defined by low density and dispersed residences on large lots built beyond the suburbs in which
the residents frequently use the urban centers for their services and needs (Spectorsky 1955).
Exurban development can occur up to 100 miles from the urban core (Theobald 2001; 2004;
Travis 2007). Exurban residents want the rustic lifestyle, but also the benefits associated with
urban areas (Davis, Nelson, and Dueker 1994a; Hansen et al. 2005). Development in the Rocky
Mountains has increased since the 1990s (Riebsame, Gosnell, and Theobald 1996). Since 1960,
the population residing in exurban areas increased, but the rate of land conversion was much
higher than the rate of population growth indicating there are few people using large areas of
land (Theobald 2004). If left unaddressed, exurban development will likely continue to be the
predominant development pattern in the NRMR (Theobald 2005).

Impacts of Development
Development is not necessarily a negative phenomenon, but haphazard development and
sprawl are associated with extensive negative impacts that affect communities’ social, economic
and environmental well-being (Abrams et al. 2012; Hansen et al. 2005; Sayre 1999; Riebsame,
Gosnell, and Theobald 1996; Theobald 2004; 2001; Travis 2007). Studies have indicated that it
is not only population growth that drives these impacts, but how the development’s configuration
progresses on the landscape (Abrams et al. 2012, Travis 2007). Development stimulates the
economy, but extending municipal infrastructure (e.g., roads, sewers, power lines, etc.) and
providing emergency and social services (e.g., ambulance and fire protection, public schools,
etc.) results in costs to municipalities (Davis, Nelson, and Dueker 1994a; Travis 2007). Sprawl
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and exurban development often occur in places sensitive to environmental change or of
ecological importance (Abrams et al. 2012; Hansen et al. 2005). As development expands, the
area of impact also expands, resulting in widespread environmental consequences (Barnes et al.
2002; Hansen et al. 2005). Roads, fences, impermeable surfaces, and homes have caused habitat
fragmentation and facilitated the dispersal of invasive weed species, increased water pollution,
and increased sound and light pollution (Abrams et al. 2012; Barnes et al. 2002; Hansen et al.
2005; MacDonald and Rudel 2005; Rasker and Hansen 2002; Yung and Belsky 2007). On the
social and economic side, local residents have been displaced as land values and property taxes
increased (Darling 2005; Ghose 2004; Sherman 2017). Often, longtime residents lament the
changes and are increasingly dissatisfied with the product of sprawling development (Hines
2010; Wulfhorst, Rimbey, and Darden 2006; Yung and Belsky 2007). Because of the negative
impacts associated with sprawl, understanding and measuring changes in development
configuration is important for protecting quality of life.

Development Drivers
Various interconnected social and economic factors influence development patterns, and
their progression including historical settlement patterns, technological advancements, the
changing global economy, and individual/developer preference (Albrecht 2010). While many
resource-based (e.g., agricultural, forestry, mining, etc.) communities in the region were
historically isolated due to limited infrastructure and access, developments in transportation and
communication infrastructure have increased awareness and potential for migration (Albrecht
2014; Hines 2010; Hoey 2005). As demands increased, developers have continued to target areas
with high natural amenity appeal, like the Rocky Mountain West (Cadieux 2011; Darling 2005).
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Technological advancements and global commodity prices and production mean communities in
the NRMR face global competition, which can lead to a devaluation of productive landscape
commodities (Albrecht 2010; Darling 2005; Sherman 2017; Tickamyer, Sherman, and Warlick
2017). As the value of landscapes of production for residential development has increased, it has
stimulated development in these previously productive areas.
Besides the socioeconomic factors influencing the shift in landscapes, the physical
geography of the landscape, existing landcover, and land-use regulations directly affect how land
cover changes. Land developability is a term that describes the total land available to be
converted into development (Chi 2010). Developability is determined by physical characteristics
and any legal constraints. Areas unsuitable for development include water bodies, steep slopes
(<20 degrees), and existing development. Legal constraints that reduce developability include
zoning ordinances, conservation easements, and public land (Chi 2010; Chi and Marcouiller
2013). Depending on the degree of physical and legal characteristics in an area, developability
can be directly affecting how development progresses overtime.
The Northern Rocky Mountain Region provided an interesting study area to examine
shifting land cover through the lens of natural amenities, land use, and land developability. As an
area known for its natural beauty, mountains, and waterways with roots in productive landscapes,
it has recently experienced shifts into an amenity based economy, often referred as the ‘Old
West’ to ‘New West’ transition (Shumway and Otterstrom 2001). Land developability
constraints like steep slopes, waterways, and extensive public land prevent development but also
attract migrants (Chi 2010). Many communities in the NRMR also strongly protect private
property rights resulting in few land use regulations (Wulfhorst, Rimbey, and Darden 2006;
Yung, Freimund, and Belsky 2003). A disparity in land use planning efforts exists across the
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urban-rural continuum with more urban places having more intensive plans and resources and
more rural places having less (Moss 2006; Scott et al. 2013). Many places, especially rural areas,
that have experienced substantial population growth from amenity migration did not have growth
plans developed to manage the growth (Kew and Lee 2013; Moss 2006). In addition to this,
while most of the land in the NRMR is public land, depending on the entity that manages the
land, it is not wholly undevelopable. The Bureau of Land Management (BLM), for instance,
permits energy development on the federal land it manages (Bureau of Land Management 2016).
It is likely these factors are influencing development progression in the region.
To better understand the status of development in the Northern Rocky Mountain Region
of the United States, this research used GIS analysis to measure the change in land cover over
time to identify and describe development patterns at the regional and sub-regional scale. While
this paper did not set out to predict future land use shifts, or determine the causes or effects, the
results of this thesis may be of assistance in land management. Knowing how development is
progressing can inform intentional land-use planning can empower communities to direct their
future. The American West is a place with wide open spaces and natural beauty, and efforts must
protect the quality of these spaces that draw people to them.

Problem Statement
Development is one of the most permanent ways humans alter the environment. The U.S.
Northern Rocky Mountain Region has experienced population growth and migration, resulting in
growing development pressure (Abrams and Bliss 2013; Ghose 2004). When development is
allowed to sprawl haphazardly across a landscape it can result in negative impacts to the
environmental, social, and economic health of communities and overall quality of life (Barnes et
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al. 2002; Randolph 2004; Travis 2007). Sprawl, however, is not the only way development can
progress. Intentional planning can direct development in more desirable patterns (Randolph
2004). Understanding how development has progressed over time is essential for meaningful
intervention so negative impacts can be minimized (Bereitschaft and Debbage 2014; Kew and
Lee 2013). Previous research has identified specific development related concerns in the
Northern Rocky Mountain Region including sprawl into the urban-rural fringe, exurban
development, loss of farm and forest land, and development spillover effects (development
pressure in one area results in the rapid growth of neighboring communities; Abrams and Bliss
2013; Gosnell and Travis 2005; Newburn and Berck 2011; Travis 2007). This points to the need
for a broader scale regional examination of development. This research aimed to identify and
describe how development progressed in the Northern Rocky Mountain West from 2001 to 2016.
The research questions therefore are:
1) How did the landscape structure of development change in the region?
2) What are the regional development patterns?
To answer the research questions, this thesis sets out to:
1. Measure changes in development composition and configuration.
2. Describe changes in development patterns in the region between 2001 and 2016.
To understand the change in development, GIS image analysis was used to measure the changes
in land cover from 2001 to 2016 across the Northern Rocky Mountain Region. This research
examined the change in development over time at multiple scales to allow for contextual
considerations and the identification of development patterns and trends which can meaningfully
inform land use planning efforts.
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BACKGROUND
Development has been extensively examined in previous research, often with a focus on
sprawl. Previous research supports that spatial analysis of development provides valuable insight
about development trends that can be translated into useful applications in land use planning and
management (Bereitschaft and Debbage 2014; Hasse and Lathrop 2003; Kew and Lee 2013;
Theobald 2001). This research employed a process-based definition of development and sprawl,
in which development was assessed based on the change in composition and configuration.
Three theoretical and methodological frameworks informed the methodology of this research:
regional development trends, spatial analysis of landscape ecology, measuring and describing
sprawl.

Regional Context
Most of the previous research examining land cover, measured and described
development and sprawl at the metropolitan level, but in the NRMR, greater attention needed to
be paid to the more rural areas where land management has traditionally been less stringent
(Scott et al. 2013). Focusing only on the municipal scale may miss important patterns related to
sprawl, exurban, and rural development in the region (Clark et al. 2009; Kew and Lee 2013;
Theobald 2001). While jurisdictional boundaries control what entity can and cannot regulate a
space, development does not adhere to such boundaries. Compared to the rest of the United
States, the NRMR has no mega population centers but is dominated by smaller urban centers
surrounded by small towns and open land. When municipalities’ development progresses in
fragmented patterns, it often pushes development into less regulated areas resulting in spillover
effects (Newburn and Berck 2011; Scott et al. 2013). While many population centers are
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incorporated municipalities with growth policies and regulations, a substantial proportion of new
development takes place on less regulated, unincorporated county land (Meyer and Turner 1996;
Theobald 2005). The rural-urban fringe is a zone of transition in land use between the built-up
urban and suburban areas towards the rural open or farmland. It is a space often characterized by
uncoordinated zoning and planning and the primary location of exurban development (Clark et
al. 2009; Scott et al. 2013). Land-use management in these areas can be challenging because of
fragmented and overlapping governments, authorities, lack of community, county, or regional
vision, limited planning resources, outdated or no previous planning and zoning, and conflicting
development pressures (Davis, Nelson, and Dueker 1994; Scott et al. 2013; Travis 2007). The
impacts of sprawl are experienced beyond urban area’s boundaries and thus measuring sprawl
must be considered in a larger landscape context (Kew and Lee 2013; Travis 2007).
Systematically measuring the change in development patterns across the rural-urban continuum
at broader scales approaches sprawl as a regional issue that communities face together. By
examining development at a broader geographic scale patterns may emerge at the regional scale
that can be tied back to the patterns at the sub-regional scale where stakeholders are likely to
identify with changes and have regulatory power (Kew and Lee 2013).
A region is a group of places that share some common characteristic, whether it be
physical proximity, social structures, or economies (Contel 2015). Development is inherently an
economic activity, so interconnected development pressures between places lead to a cohesive
economic network (Fox and Kumar 1965). One method of defining functional economic regions
utilized commuting patterns identified in the American Community Survey (Nelson and Rae
2016). Commuting patterns define regions as they capture daily work commutes and travel for
services, as noted in previous studies (Nelson 2001; Nelson and Rae 2016). Nelson and Rae
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(2016) found that distinct regions emerged in the United States based on commuting patterns.
Within the NRMR, exurban and inter-jurisdictional development pressure have been identified as
distinct concerns (Travis 2007). As sprawl and exurban development occur in areas surrounding
employment and service centers, sub-regions similar to those derived through the Nelson and
Rae’s research (2016) provide insight into interconnected regional development.

Defining Development Patterns
Throughout the literature, an often cited issue related to identifying and measuring
development and sprawl is the lack of clear definitions for land use patterns. Land use pattern
definitions, and specifically sprawl, are often conflated with ideology, experience, causes and
effects (Galster et al. 2001). Definitions of development patterns have been based on influential
factors (e.g., land values, policies, white flight, migrant/developer preference, etc.),
consequences (e.g., automobile dependence, increased pollution, loss of community character,
habitat fragmentation, increased health risk, etc.), and structural characteristics (e.g., low density,
irregular, fragmented, etc.; Brody 2013; Ewing and Hamidi 2010; Galster et al. 2001; Randolph
2004). In previous research, many people claim to “know it when they see it,” but this presents
challenges in planning efforts because if it can be seen, it has occurred (Heimlich and Anderson
2001). This points to the need for the definition of development patterns and sprawl as processes
that can be measured on a continuum to catch early indications of haphazard development.
Sprawl is an umbrella term that encompasses a variety of undesirable development
patterns from the planning perspective. Typical sprawl in the region is low-density and dispersed
development (Brody 2013; Galster et al. 2001). Development patterns associated with sprawl
include: Low density, Fragmented/Satellite, Leapfrogging, and Strip development (Brody 2013;
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Galster et al. 2001). Low density development is characterized as an abundance of large-lots,
typically between 1-5 acres, in which previously vacant or open land was developed, such as
exurban development (Brody 2013; Galster et al. 2001; Theobald 2004). Fragmented
development is a pattern in which there are large distances between residences and services or
employment hubs, sometimes including multiple small hubs instead of one central urban core
(Barnes et al. 2002; Brody 2013; Galster et al. 2001). “Leapfrog patterns” describe when
development occurs on parcels developed further out in vacant land, skipping over the vacant
land abutting development (Brody 2013). Leapfrogging can be driven by land prices and by the
availability of larger lots (Heim 2001). Strip development is linear and often follows roads
connecting urban centers (Moldoff 2004). The delineation between types of sprawl is important
as each can produce different impacts within a community.
This research relies on the quantification and measurement of the change in patterns over
time, utilizing the structural aspects of development on the landscape to identify and describe
trends. Focusing on the structural and spatial environment as opposed to the social, economic,
and environmental impacts, borrows concepts from landscape ecology (Forys and Allen 2002;
Jensen et al. 2004; MacDonald and Rudel 2005; Theobald 2004). A landscape is a mosaic of
different patches of habitat that vary in size, composition, distribution, and number (Kew and
Lee 2013; McGarigal 2015). Development can be examined as a habitat patch within the larger
landscape (Kew and Lee 2013; McGarigal and Marks 1994). Examining development patches
allowed for the change in the development composition and configuration to be measured over
time within the context of the whole landscape (Bereitschaft and Debbage 2014; Theobald 2004).
Composition describes the land-cover class patches that make up a landscape and configuration
describes the spatial organization of the patches (McGarigal 2015). While residential density
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within Census geographies is a common metric for estimating land use, it is less precise with the
measurement of land cover and development configuration on the landscape (Galster et al. 2001;
Bereitschaft and Debbage 2014).
Galster et al. aimed to develop an operational definition of sprawl that could measure
land use and land cover patterns and thus defined sprawl as a pattern of land use in an urban area
that exhibits low levels of some combination of eight distinct dimensions: density, continuity,
concentration, clustering, centrality, nuclearity, mixed use, and proximity (2001). This definition
allowed for the inclusion of distinct types and combinations of development patterns that could
indicate the condition of sprawl and can be quantifiably measured and identified. Defining
sprawl in terms of land-use patterns does not attach causes and consequences and focuses the
research to only considering the structural landscape. In a study examining the spatiotemporal
trends in land cover, Bereitschaft and Debbage, examined 50 metropolitan areas in the United
States over ten years (2014). The researchers adapted Galster et al.’s (2001) operational
definition of sprawl but included shape complexity, fragmentation, and contiguity metrics. These
metrics were chosen because as development sprawls, it grows outwards and the form becomes
increasingly complex and fragmented, while infill development less complex development
patterns. The results of their study supported and validated Galster et al.’s (2001) sprawl
dimensions and usefulness in using landcover to assess development patterns (Bereitschaft and
Debbage 2014).
In addition to the configurational metrics, Hasse and Lathrop posited that patterns
resulting from development-related impacts can also serve as sprawl indicators (2003). They
expanded the definition of sprawl to include “from-to” relationships, or what type of land was
being converted into development (Hasse and Lathrop 2003). They developed Land Resource
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Impact indicators that included density of new urbanization, loss of prime farmland, loss of
natural wetlands, loss of core forest habitat; and increase of impervious surface over time (Hasse
and Lathrop 2003). Because the desire to prevent sprawl is rooted in mitigating its impacts,
including development-related impacts and risks is critical in the identification of sprawl.
Considering the varying land-use patterns defined as sprawl and spatial definitions from
previous research, sprawl is defined in this research as an increase in All Development, Low
Density Development, Conversion of Agricultural/Forest land in Development, Clumpy index
(i.e., dispersion), Shape index, and average Euclidean Nearest Neighbor (ENN). Development
and sprawl were assessed as processes that occur over time and on a continuum in relation to
changes in the structural pattern and development related impacts.

Measuring Regional Sprawl
The progression of development and sprawl are highly contextual and multifaceted.
While individual spatial metrics are useful in the classification of changing development, it can
be challenging to examine multiple metrics and draw conclusions across large geographical
areas, multiple scales (e.g., states and regions), or across the rural-urban continuum (Bereitschaft
and Debbage 2014; Kew and Lee 2013). Studies that have focused on identifying and describing
development trends at scales other than the metropolitan often utilize multi-indicator indexes to
characterize development and identify sprawl (Kew and Lee 2013). Indexes are useful because
they provide a composite measure that summarizes and characterizes development based on the
various multi-faceted changes in patterns. When multiple metrics are considered together it can
be easier to identify problematic trends (Hasse and Lathrop 2003; Kew and Lee 2013).
Problematic trends identified at the regional scale can be used to identify areas at narrower scale
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(e.g., county or municipality) where a close examination of development can provide more
context, and also where policymakers and stakeholders can identify with the changes and enact
meaningful intervention (Kew and Lee 2013).
Kew and Lee designed a study intended to measure urbanization patterns across the
rural-urban continuum (2013). They defined sprawl using seven indicators: All Development
(2001), Low Intensity Development (2001), Clumpy index of All Development (2001), Clumpy
index of Low Intensity Development (2001), Impervious Cover per Capita, Population per Acre,
and Change in population density from 1990 to 2001 (Kew and Lee 2013). The metrics were
tabulated, combined, and ranked to form an Amalgamated Sprawl index describing the state of
sprawl across the counties in Kentucky. The researchers used the index to measure changes in
development patterns in a relative sense so that the results applied descriptive measures across
the rural-urban continuum. The multi-indicator approach enabled the authors to assess how
development was oriented on the landscape and to what degree different counties exhibited
sprawl (Kew and Lee 2013).
The Land Resource Impact methodology considered not only the change in spatial
configuration of development patches, but also the compositional change of the patch. The
individual metrics were used to assess individual resource impacts related to development.
Researchers combined the metrics into an index to identify concerning land use trends across the
state (Hasse and Lathrop 2003). This method incorporated measuring impacts (i.e., loss of
wetlands, loss of prime farmland, loss of endangered habitat) into the process of development
(e.g., land use density, leapfrog development, strip development, etc.; Hasse and Lathrop 2003).
Bereitschaft and Debbage also combined spatial metrics indicative of sprawl into indexes
intended to summarize the state of development on the landscape. The researchers limited their
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scope to spatial-based metrics so they could examine the variability in shape and continuity of
development patterns. They measured the change in various metrics over time and combined
them into a Shape Complexity index and Continuity index to specifically examine the
progression of fragmentation in development patterns (Bereitschaft and Debbage 2014).
This thesis's goal was to assess and describe development trends across the NRMR by
relying on the spatial metrics to characterize the multi-dimensional facets of sprawl. Drawing on
previous research, metrics were chosen to assess changes in development which analyzed
composition, configuration, and associated impacts. These metrics captured the composition of
the landscape (i.e., development, non-development, low density development, agricultural/forest
land), the configuration (i.e., Clumpy, Shape, ENN), which facilitated the identification of
development patterns across the rural-urban continuum. The metrics were examined individually
and combined to form a Sprawl index to identify, describe, and summarize development trends
in the region.
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METHODS
This research focused on identifying, measuring, and describing land-cover development
patterns in the U.S. Northern Rocky Mountain Region, to determine what parts of the region
developed, where development “sprawled”, and which areas exhibited early indications of
sprawl. Within the region, sub-regions were derived to partition the region into smaller
functional zones based on commuter patterns. Spatial metrics were chosen to analyze the change
in composition and configuration of development. The change in development was assessed by
measuring composition and configuration in 2001 and 2016 for individual metrics in each
sub-region so the change recorded was relative to the original footprint of development in 2001.
The individual metrics revealed how the sub-regions’ development changed from 2001 to 2016
and provided insight into larger patterns. A Sprawl index was created combining the metrics to
identify which sub-regions sprawled, did not change, or compacted, and to what degree relative
to the other sub-regions (Kew and Lee 2013). Regional development trends were assessed by
sub-region type (i.e., Metropolitan, Micropolitan, Small town, Rural) and for the whole region
using the development metrics and Sprawl index.

Study area

U.S. Northern Rocky Mountain Region
The NRMR of the United States exemplifies a region experiencing in-migration,
economic restructuring, and shifting land ownership, land use, and land cover patterns (Abrams
et al. 2012; Gosnell and Travis 2005; Travis 2007). The Northern Rocky Mountain Region was
defined by a United States physical geography polygon shown in the locator box of Figure 1
(https://www.naturalearthdata.com/downloads/). The Rocky Mountain region was selected and
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overlaid on a US counties layer (US Census Tigerline files, 2018). The counties within Idaho,
Montana, and Wyoming were clipped to the Northern Rocky Mountain Region polygon
(Figure 1) and projected in NAD83 Contiguous USA Albers equal area projection to ensure that
area measurements were accurate and consistent. The region was then divided into functional
sub-regions through methods described in the following section.
The maps below show land ownership in the region (Figure 1) and present the status of
land (protected vs. developable; Figure 2). The region is comprised 65% public or protected land
and 35% privately owned or developable land (Figure 2). Native American land was considered
protected here even though there is development on reservations. Tribal sovereignty means the
tribe may regulate activities, zone and exclude persons from tribal lands (Bureau of Indian
Affairs 2019). While ample public/protected land may seem to indicate that most of the region is
protected from development, public land, mountains, rivers, and lakes attract amenity migrants,
making the remaining 35% developable land prone to development (Figure 2).
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Figure 1. Map of land ownership the Northern Rocky Mountain Region study area.
Functional sub-region boundaries are shown as gray lines and labelled with the sub-regions study name (Figure 3). The locator
map shows the US Rocky Mountain province outlined in black and the Northern Rocky Mountain Region Study Area shaded in
gray (https://www.naturalearthdata.com/downloads/). The maps in these series are projected in NAD83, UTM Zone 12.
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Public/Protected land
Private land
Total area of sub-region
(Circle= 46,000 km²)
Percent Public/Protected
Percent Private
Figure 2. Map of Public/Protected and Private land in each subregion (in percent).
The size of the pie chart in each sub-region indicates the total area of the sub-region, a sub-region with a pie chart circle the size
exemplified in the legend has a total area of 46,000 km². Protected land includes public land, Native American land, and land held
in conservation easements.
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RUCA-based Sub-regions
For this research on development and sprawl, the study area was divided into sub-regions
reflecting functional zones, which are typically made up of urban cores and surrounding areas.
Using the 2010 Rural Urban Commuting Areas (RUCA) of the USDA (Cromartie 2016), 58
sub-regions were created (Figure 3) based on primary and secondary RUCA codes and state
administrative boundaries (Cromartie 2016). RUCA codes delineate sub-county components of
rural and urban areas by identifying urban cores and adjacent territory economically integrated
based on commuting patterns. RUCA codes are identified at the census tract level, the smallest
geographic building block for which commuting flows are available. RUCA categorize census
tracts into ten primary codes including Metropolitan (1-3), Micropolitan (4-6), Small-town (7-9),
and Rural (10). Codes 1, 4, and 7 designate the core of metropolitan (metro), micropolitan
(micro) and small-town areas, respectively, indicating that they are targets of most of the
commuting. High commuting tracts (i.e., 2, 5, and 8) have at least 30% of out-commuting to a
core and are generally commuter communities. Low commuting tracts (i.e., 3, 6, and 9) refer to
areas where less than 30% of commuter flows are out-commuting to metro, micro, and
small-town cores, respectively. These are typically areas influenced by the core and commute for
services to metro, micro, and small-town cores. Rural tracts with flow to other rural tracts (10)
are the areas where most of the population does not commute to one of the core areas. Secondary
codes identify whether the population of the tract commutes to a metro, micro, or small-town
area.
For this study, every tract in the region was assigned to one of eight new categories 1)
Metropolitan Core, 2) Micropolitan Core, 3) Small-Town Core, 4) Rural, 5) Non-core to
Metropolitan core, 6) Non-core to Micropolitan core, 7) Non-core to Small-town core, and 8)
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Rural to other Rural. Once the non-core tracts were divided into these groups, they were joined
with the core in closest proximity (Euclidean distance) to create a new sub-regional polygon
layer, essentially creating catchment areas consisting of a core and economically associated
places (Cromartie 2016). Rural areas that abutted other rural areas were combined into larger
rural zones which often contained scattered small towns and expanses of open land. This created
the sub-region type layer, where every sub-region was designated as Metropolitan, Micropolitan,
Small town, or Rural.
Once the regions were assigned, they were named based either upon the communities
within the cores of their boundaries or given a unique identifier if it was primarily a rural area
with many scattered small towns. The sub-regions facilitate examining the way sprawl and
exurban developments occur around regional cores and could assist sub-regional planning
efforts.
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Figure 3. Map of sub-regions categories: Metropolitan, Micropolitan, Small town, and Rural zones.
The sub-regions were derived from 2010 USDA Rural-Urban Commuting Areas (RUCA) codes. (RUCA 2010)
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Land-Cover Datasets
Land cover and land-cover change datasets from the Multi-resolution Land Cover
Consortium (MRCL) were used to classify land cover at the regional scale. The MRCL provides
freely accessible, spatially explicit land cover data at a 30 m resolution for the U.S. (Wickham et
al. 2014).

National Land Cover Dataset (2001 and 2016)
The NLCD layers for 2001 and 2016 categorize land cover into 16 classes at the coarsest
level. Land covered by development can be classified as: Open development, Low intensity
development, Medium intensity development, or High intensity development (Table 1). These
four categories of Development were used to quantify the development composition in 2001 and
2016 and used to define the Low Density and All Development layers.

Table 1. Development class definitions in the National Land Cover Dataset. Reproduced from Wickham et al. 2014.

NLCD class

Definition

Open Development

Areas with a mixture of some constructed materials, but mostly vegetation in the
form of lawn grasses. Impervious surfaces account for less than 20% of total
cover. These areas most commonly include large-lot single-family housing units,
parks, golf courses, and vegetation planted in developed settings for recreation,
erosion control, or aesthetic purposes.

Low intensity developed

Areas with a mixture of constructed materials and vegetation. Impervious
surfaces account for 20% to 49% percent of total cover. These areas most
commonly include single-family housing units.

Medium intensity developed

Areas with a mixture of constructed materials and vegetation. Impervious
surfaces account for 50% to 79% of the total cover. These areas most commonly
include single-family housing units.

High intensity developed

Highly developed areas where people reside or work in high numbers. Examples
include apartment complexes, row houses and commercial/industrial. Impervious
surfaces account for 80% to 100% of the total cover.

22

NLCD Land Cover Change Index 2016
The Land Cover Change Index 2016 layer categorizes development land-cover pixels by
their classification in both 2001 and 2016 (Yang et al., 2018). This product identified pixels
converted from one classification to another over the period of analysis. This dataset was used to
identify pixels classified as Agricultural or Forest (Table 2) in 2001 and classified as
Development (Table 1) in 2016 to assess the change in development category to produce the
Converted Land layer.

Table 2. Land cover class definitions in the National Land Cover Dataset. Reproduced from Wickham et al. 2014.

NLCD class

Definition

Deciduous forest

Areas dominated by trees generally greater than 5 meters tall, and greater
than 20% of total vegetation cover. More than 75 percent of the tree
species shed foliage simultaneously in response to seasonal change.

Evergreen forest

Areas dominated by trees generally greater than 5 meters tall, and greater
than 20% of total vegetation cover. More than 75 percent of the tree
species maintain their leaves all year. Canopy is never without green
foliage.

Mixed forest

Areas dominated by trees generally greater than 5 meters tall, and greater
than 20% of total vegetation cover. *Neither deciduous nor evergreen
species are greater than 75 percent of total tree cover.

Pasture/Hay

Areas of grasses, legumes, or grass-legume mixtures planted for livestock
grazing or the production of seed or hay crops, typically on a perennial
cycle. Pasture/hay vegetation accounts for greater than 20 percent of total
vegetation.

Cultivated crops

Areas used to produce annual crops, such as corn, soybeans, vegetables,
tobacco, and cotton, and perennial woody crops such as orchards and
vineyards. Crop vegetation accounts for greater than 20 percent of total
vegetation. This class also includes all land being actively tilled.

NLCD Imperviousness (2001 and 2016)
The NLCD 2016 impervious surface layer identifies types of roads, core urban areas, and
energy production sites for each impervious pixel in the dataset. It classifies pixels as: Primary
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roads, Secondary roads, Tertiary roads, Thinned roads, Nonroad impervious surface
(Development), or Energy production sites (Yang et al. 2018). Roads connect patches of
development but are linear and thus can skew configuration metrics (Soulard, Acevedo, and
Stehman 2018). The impervious surface data set was used to remove the roads for the analysis of
development configuration metrics (Soulard, Acevedo, and Stehman 2018). For this research,
urban land is defined as land including residential, commercial, and industrial land
uses/structures. This provides insight related to land use and communities’ development
footprints. (Soulard, Acevedo, and Stehman 2018).
Using the NLCD raster datasets for 2001 and 2016, pixels classified as Non-Road
impervious and Energy production sites were reclassified into a single Development category for
each year. These were classified as Development as the two classes (Non-road/Energy) are hard
to differentiate, and close examination of the classes indicated that Residential development was
frequently misclassified as Energy development. The remaining road pixels that the NLCD
impervious surface layer classified as Non-impervious, Primary road, Secondary road, Tertiary
road, and Thinned road were reclassified into a No Development category for each year. The
results of this allowed for the Non-Road All Development (NRAD) layer to be produced for
2001 and 2016 and used the configuration metrics.

NLCD Limitations
The regional scale of this project was beneficial but also had limitations. When using
satellite imagery to measure land-cover change, it is recommended to select and train the classes
for each project). However, with a large study area, the feasibility of this is diminished. In an
accuracy assessment of the NLCD dataset, there was between 71% to 97% agreement for the
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land cover classified and the reference data for all the years (Wickham et al. 2017; Yang et al.
2018). The spatial resolution of NLCD is substantially better than alternative global land-use
products such as Gridded Population of the World (GPW), which is coarser (100 m pixels), and
the multiple time slices of NLCD are more useful than other similar spatial scale global datasets
for just one time period (e.g., Liu, de Sherbinin, and Zhan 2019; Wang et al. 2017).

Land-cover Accuracy Assessment
As recommended for most applications (Lillesand, Kiefer, and Chipman 2008), an
accuracy assessment was completed as part of this study to assess whether pixels classified as
‘Development’ and ‘No Development,’ were representing what was occurring within the study
area. To check the accuracy of the reclassification of raster images and NLCD, random pixels
were sampled and compared to aerial imagery to determine whether the classification of the pixel
was correct. Two hundred random pixels were selected using ArcGIS 10.2, 100 on the 2001
NLCD and 100 on the 2016 classification and compared to corresponding 2001 and 2016 aerial
imagery within Google Earth Engine (ESRI 2014; Gorelick et al. 2017). Ideally, the validation
methods would include site visits by the author, but given the historical component of the
research, aerial imagery was an acceptable alternative (Lillesand, Kiefer, and Chipman 2008). A
higher level of accuracy during the validation process means that what is represented on the
maps is more indicative of what is occurring on the ground.

Measuring Development
Spatial landscape metrics were chosen to describe the change in development
composition and configuration from 2001 to 2016. The change for each metric was calculated
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within each sub-region to assess the variation in amount, type, and spatial pattern of
development, see Table 3 for equations. Three of the metrics described landscape composition:
All Development, Low Density Development, and Converted Land. Three metrics described the
configuration of development: Clumpy index, Shape index, and mean Euclidean Nearest
Neighbor.

FragStats Settings
All metrics were calculated using the FragStats 4.2 software (McGarigal, Cushman, and
Ene 2012). The individual sub-region raster images were batch-loaded into the software with the
background value set to 0 and No data set to 127. The 8-cell neighborhood, moving-window
analysis method was selected to measure community configuration. Each metric was selected
from the class metrics section which treats each pixel value as a unique code or group within the
sub-region boundary, so the Development (1) class within each sub-region was considered one
class. For the Development configuration metrics, the 2001 and 2016 Development configuration
raster with the roads removed from the development category was used. The images were split
using the Split raster tool in ArcGIS10.2 using the sub-region polygons as the boundaries (ESRI
2014).

Composition Metrics
Composition metrics measured the abundance of or change in the proportion of land
cover types within each sub region (McGarigal 2015). Composition metrics do not consider the
spatial pattern or location of patches within the landscape (McGarigal 2015). All Development,
Low Density Development, and Converted Land were the composition metrics utilized.
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Change in All Development
Change in All Development (ΔAD) referred to the total magnitude of change in all
categories of developed land. Knowing how much the overall footprint of development changed
provided context for the other metrics. The All Development (AD) category was created by
reclassifying all four development classes (Open, Low, Medium, High) into one for 2001 and
2016, respectively (Figure 4). Zonal statistics within ArcGIS were used in each sub-region on
each AD image, and the difference between the 2001 and 2016 images yielded the Change in All
Development (ΔAD; Table 3; ESRI 2014). Large increases in All Development indicated the
sub-region experienced a larger magnitude of new development.

Change in Low Density Development
Change in Low Density Development (∆LDD) measured the change in the composition
of development intensity. LDD was created by reclassifying two development classes (Open and
Low) from the NLCD into a single LDD category and layer for 2001 and 2016. The new Low
Density Development class contained from 0% to 49% impervious service within a pixel (Table
1). Zonal statistics within ArcGIS were used for each sub-region on each LDD image, and the
difference between the 2001 and 2016 images yielded the Change in Low Density Development
following the equations in Table 3 (ΔLDD; ESRI 2014). Increases in LDD indicate sprawling
development, while decreases indicate urbanization (Galster et al. 2001; Kew and Lee 2013).

Converted Land
Converted Land measured the change from an NLCD Crop or Forest category in 2001
into one of the developed classes in 2016. The development of crop and forested lands has been

27

cited as a concern associated with amenity migration and exurban development (Gosnell and
Travis 2005; Sheridan 2007) and is a metric that captured the impacts of development (Hasse
and Lathrop 2003). To create the Converted Land (CL) layer, the NLCD Land Cover Change
Index 2016 product was used to reclassify pixels classified as “Agricultural land converted to
Open, Low Intensity, Medium-intensity, or High-intensity development” and “Forest land to
Open, Low Intensity, Medium-intensity, or High-intensity development” into a single CL
category. Using the new CL image, the total area converted was calculated for each sub-region
using zonal statistics (ESRI 2014). The area and percent of CL for each region was calculated
following the equation in Table 3 (CL). A high rate of CL indicated that the transition from
landscapes of production into development and development-related impacts.

Configuration Metrics
Spatial configuration measured the spatial character and arrangement, position, or
orientation of patches within a landscape (Kew and Lee 2013; McGarigal 2015). These metrics
represent a recognition that landscape level processes are affected by the overall configuration of
patches (McGarigal 2015). Clumpy index, Shape index, and mean Euclidean Nearest Neighbor
were used to measure development configuration. The Non-Road All Development Layer was
used to calculate the configuration metrics to minimize the influence of roads alone (Soulard,
Acevedo, and Stehman 2018).

Change in Non-Road All Development
For the development configuration metrics, roads were removed for calculations
(Soulard, Acevedo, and Stehman 2018; Theobald 2004). This was done by reclassifying the
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pixels characterized as primary, secondary, tertiary, and nonurban roads in the NLCD
Impervious Surface layers 2001 and 2016 as Undeveloped on the All Development layers for
each year, and reclassifying the Nonroad impervious and Energy production pixels as Developed
to create a new Non-Road All Development (NRAD) layer for each year (Figure 5). Larger
increases in NRAD development indicate the sub-region experienced more non-road urban and
energy site development.

Change in Clumpy index
The Clumpy index is a measurement of the dispersion of development patches.
Development may occur in a concentrated or compact pattern or spread in a disaggregated way
(Kew and Lee 2013). Clumpy was calculated from the adjacency land-use matrix, which shows
the frequency with which different pairs of patch types (including like adjacencies between the
same patch types) appear side-by-side in the landscape (Kew and Lee 2013; McGarigal 2015;
McGarigal, Cushman, and Ene 2012). The Clumpy index ranges from -1 to 1, with 1 normally
indicating maximal aggregation of patches (McGarigal 2015). Because increases in the other
metrics indicate sprawl in this study, the Clumpy index was inverted after processing and before
change metrics were calculated. For each sub-region, the Clumpy index was calculated for 2001
and 2016, and the change and percent change calculated following the equation in Table 3. An
increase in ΔClumpy, indicated increased dispersion of development patches and a decrease
indicated aggregation of patches. Development patterns that become more dispersed over time
indicate sprawl, while patterns that become less dispersed indicate compacting development.
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Change in Shape index
The Shape index measured the complexity of development patches and calculated the
average index for all the patches in the sub-region. Compact development is more likely to
resemble a normal shape (such as a circle or square), while sprawling communities often exhibit
irregular, elongated patterns (Bereitschaft and Debbage 2014; Galster et al. 2001). The Shape
index ranges from 0 to ∞ with more compact patch shapes having lower values. The Shape index
calculates patch perimeter divided by the minimum perimeter possible for a maximally compact
patch of the corresponding area (McGarigal, Cushman, and Ene 2012). For each sub-region, the
Shape index was calculated for 2001 and 2016. The change and percent change in index values
between the images was then calculated using the equations in Table 3(ΔShape). Development
configurations with increases in the Shape index indicate sprawling development patterns, while
decreases in the Shape index indicate compacting development patterns.

Change in Mean Euclidean Nearest Neighbor
Mean Euclidean Nearest Neighbor (ENN) measured the isolation or remoteness of
development patches. ENN calculated the mean distance between development patches of the
same class in a straight-line distance (shortest edge-to-edge distance on pixels), and ranges from
0 to ∞ (McGarigal, Cushman, and Ene 2012). To account for variation in the sizes of the
sub-regions and standardize the metric, the mean distance was divided by the area of the
sub-region to get change in ENN per square kilometer. The difference in ENN m/km2 values and
percent change between the images was calculated (ΔENN; Table 3). Increases in mean distance
between patches indicate increased isolated development while decreases in mean ENN indicate
compacting development (Galster et al. 2001).
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All Development (2001)
All Development (2016)

Figure 4. Map of All Development shows Open, Low, Medium, and High Intensity classes, 2001 and 2016.
RUCA-based sub-region boundaries are shown as gray lines.
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Non-Road All Development (2001)
Non-Road All Development (2016)

Figure 5. Map of Non-Road All Development (NRAD), 2001 and 2016.
This was created by reclasifying the roads indicated in the NLCD Impervious Surfaces layer as Undeveloped except those
indicated as non-road impervious and energy development in the All Development layer (Figure 3). The Clumpy index, Shape
index, and average ENN were calculated from the NRAD. RUCA-based sub-region boundaries are shown as gray lines.
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Table 3. Composition and configuration metrics used to quantify development change within each sub-region from 2001 to 2016.
The Clumpy, Shape, and Euclidean nearest neighbor metrics were each calculated in FragStats 4.2 (McGarigal, Cushman, and
Ene 2012).

Metric
∆ All
Development

Calculation
(2016 AD- 2001 AD)/
2001 AD)*100

Explanation
Calculates percentage of
change in All
Development from 2001
to 2016.

∆ Low
Density
Development

(2016 LDD- 2001
LDD)/ 2001
LDD)*100

Calculates percentage of
change in Low Density
Development from 2001
to 2016.

Converted
land

(CL/ ΔAD)*100

Calculates the percentage
of agricultural/forested
land converted into
development.

∆ Clumpy
index

(2016 Clumpy
index*-1)- (2001
Clumpy index*-1) = ∆
Clumpy index
(∆ Clumpy index/2001
Clumpy index)*100
Maximum aggregation
-1< CLUMPY <1
maximum
disaggregation

∆ Shape
index

∆ Euclidean
nearest
neighbor

Shape = 1 when focal
class is square and
Shape>1 without limit
as Shape becomes
more irregular.
2016 Shape index –
2001 Shape index = ∆
Shape
(∆ Shape / 2001 Shape
index)*100
ENN> 0, without limit.
ENN approaches 0 as
distance between
patches decreases.

1

Interpretation
Increases in All Development indicate the
sub-regions that experienced the greatest
magnitude of development. Areas with
little or no change in All Development are
areas that did not experience development
from 2001 to 2016.
Increases in Low Density Development
indicate sprawling patterns. Decreases in
Low Density Development indicate
compacting development patterns or
minimal change.
Large percentages of Converted Land
indicate sprawl and exurban development
patterns.
Small rates of Converted Land indicate
stable or compact development.
Decreases in the Clumpy index indicate
that development in a region is becoming
more aggregated.
Increases in the Clumpiness index
indicate that development in a region is
becoming more maximally dispersed.

-1

1<

Measures the average
distance between
developments patches
within the sub-region.

Increases in the Shape index indicate that
development is becoming more irregular
and sprawling. Decreases in the Shape
index indicates the Shape of the
development is becoming squarer or more
compact.

Increases in ENN indicates the
development is becoming more isolated
and remote.
Decreases in ENN indicates compact
development as development.

(2016 ENN/
Sub-region area) –
(2001 ENN/Sub-region
area) / = ∆ ENN
(∆ENN/ (2001
ENN/sub-region
area))*100
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Sprawl index
The Sprawl index developed for this study combined five selected sprawl metrics (Table
3) into one composite value to assess trends across the region and within each sub-region. The
percent change in Low Density Development, Converted Land, change in Clumpy index, change
in Shape index, and change in mean ENN metrics were included in the index. Since each metric
had different units, z-scores were calculated for each sub-region to standardize the relative
change across the variables (Kew and Lee 2013; Siniscalchi et al. 2006). Z-scores are relative to
the mean, therefore a score of 1 means the value is one standard deviation above the mean
while -1 indicates it is one standard deviation below the mean (Kew and Lee 2013). Any z-score
greater than 3 was designated as a hotspot for that metric (Siniscalchi et al. 2006). Since z-scores
above 3 or below -3 indicate hotspots in either direction (Siniscalchi et al. 2006) these values
were capped at 3, so an outlier for one metric did not influence the overall index value too
heavily. The sub-regions z-scores were then summed together to generate the Sprawl index value
(Galster et al. 2001; Kew and Lee 2013). All were equally weighted, allowing positive and
negative z-scores to compensate for each other (Kew and Lee 2013). As negative z-scores do not
necessarily indicate a decrease in the metric, but rather that the measure is less than the average
compared to change in other sub-regions, small negative z-scores were interpreted as minimal
change (Siniscalchi et al. 2006), similarly to small positive scores. Since increases in each metric
indicate sprawl, positive z-scores indicated more sprawling patterns and negative values
indicated more compacting patterns (Kew and Lee 2013).
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Regional Development Trend Identification
To assess the regional trends, the individual metric data and Sprawl index were examined
at the regional scale (entire study area) and by sub-region type. The summary included the
changes in development from 2001 to 2016 for the region and each type of sub-region (i.e.,
Metropolitan, Micropolitan, Small town, Rural). For ΔAD, ΔLDD, CL, ΔNRAD the total
increase, mean change, and overall percent change at the regional, Metropolitan, Micropolitan,
Small town, and Rural scale were used to assess change. For ΔClumpy, ΔShape, and ΔENN the
mean change for all sub-regions and mean percent change for all sub-regions were used to assess
change at the regional, Metropolitan, Micropolitan, Small town, and Rural scale. The mean
Sprawl index value for all the sub-regions and standard deviation were used to assess change at
the various scales. The change in All Development was compared to the Sprawl index by
sub-region and sub-region type to contextualize the change in development pattern and provide a
general commentary on development in the region from 2001 to 2016.
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RESULTS & DISCUSSION
Results presented below include the accuracy assessment, change in the All Development
and Non-Road All Development layers, an examination of each metric describing the change in
development patterns indicated by metrics, the Sprawl index, and Regional Development trends.
The results are described in text, a map or map series, graphs, tables with an interpretation and
discussion of the results, and a case study.

Accuracy Assessment
A sample of randomly selected points across the region were used to assess the accuracy
of datasets by comparing the 2001 and 2016 NLCD images to high-resolution aerial imagery.
The overall accuracy for both the 2001 and 2016 All Development raster classifications were
both 85% when compared to the reference imagery (Table 4). In both datasets, Development was
classified as No Development (16.0% in 2001, 20.0% in 2016) more often than No Development
was as Development (14.0% in 2001, 10.0% in 2016). Developed pixels were omitted from the
correct category more often than they were committed.

Table 4. Error matrix and accuracy assessment of the All Development layer.

2001
Development

Classified Data

Reference Data
Development
84

No Development
Accuracy
Error

14
0.86
0.14

2016
Development
No Development
Accuracy
Error

Development
80
10
0.89
0.11

No Development
16
86
0.84
0.16
Overall accuracy
No Development
20
90
0.82
0.18
Overall accuracy

Accuracy
0.84

Error
0.16

0.86

0.85
Accuracy
0.80
0.90

0.85

0.14

0.15
Error
0.20
0.10

0.15

This was created from the NLCD datasets compared to high-resolution imagery in Google Earth Engine using points each in
2001 and 2016. The bold numbers show how many pixels were classified correctly based on the reference imagery. Also shown
are the omitted and committed accuracy and error rates.
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A variety of factors can affect classification accuracy, particularly in coarser categories,
such as developed vs no development should be more accurate than finer categories, such as
those defining types of development or crops. The accuracies found here are at the threshold of
acceptability recommended by Anderson et al. for Landsat imagery (1976) and similar to those
reported for other NLCD accuracy assessments (e.g. Wickham et al. 2017).

Composition Metrics
Change in All Development (AD), Low Density Development (LDD), and Converted
Land (CL) described change in land-cover composition. The change in AD was calculated using
the All Development layer and provides context for the other metrics. LDD was calculated using
the Low Density Development layer derived from the All Development layer to maintain roads.
While roads skew configuration metrics, they are an important factor to consider in general
development progression (Soulard, Acevedo, and Stehman 2018). CL was calculated using the
Converted Land layer derived from the Land Cover Change Index 2001 to 2016.

All Development
The change in All Development indicated where landcover change occurred from any
non-developed class into one of the development classes. Larger area and percent increases
indicated the sub-region experienced higher rates of development. The area of new development
in sub-regions ranged from 0.1 km² (Montana 2) to 22.1 km² (Coeur d’Alene, ID; Table 5, Figure
6). The percent change ranged from 0.2% (Salmon, ID) to 10.2% (Wyoming 1).
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Table 5. Change in All Development for each sub-region from 2001 to 2016. Sub-regions are ordered from greatest to least percent change.

Sub-region
Wyoming 1, WY
Cheyenne, WY
Coeur d’Alene, ID
Gillette, WY
Bozeman, MT
Casper, WY
Rexburg, ID
Idaho Falls, ID
Rock Springs, WY
Douglas, WY
Billings, MT
Helena, MT
Laramie, WY
Missoula, MT
Kalispell, MT
Sheridan, WY
Kemmerer, WY
Great Falls, MT
Cody, WY
Polson, MT
Montana 4, MT
Riverton, WY
Pocatello, ID
Buffalo, WY
Lander, WY
Rawlins, WY
Evanston, WY
Butte, MT
Wheatland, WY

Type
Rural
Metropolitan
Metropolitan
Micropolitan
Micropolitan
Metropolitan
Micropolitan
Metropolitan
Micropolitan
Small town
Metropolitan
Micropolitan
Micropolitan
Metropolitan
Micropolitan
Micropolitan
Small town
Metropolitan
Small town
Small town
Rural
Micropolitan
Metropolitan
Small town
Small town
Small town
Micropolitan
Micropolitan
Small town

ΔAD (km²)
17.2
17.7
22.1
15.0
16.6
14.9
6.6
18.9
14.1
8.7
15.5
9.5
5.4
8.4
11.6
3.2
2.9
7.1
3.8
0.7
4.2
3.0
4.4
3.1
3.4
6.5
2.3
1.9
1.5

AD
Percent
change
10.2
9.1
8.1
7.9
7.0
6.0
5.2
4.4
4.1
4.1
4.0
3.5
3.3
3.1
3.0
2.5
2.5
2.4
2.4
2.2
2.0
2.0
1.9
1.8
1.7
1.7
1.7
1.7
1.5

Sub-region
Deer Lodge, MT
Jackson, WY
Moscow, ID
Wyoming 2, WY
Hailey-Ketchum, ID
Dillon, MT
Lewiston, ID
Gooding, ID
Montpelier-Soda S., ID
Livingston, MT
Hamilton, MT
Libby, MT
Idaho 3, ID
Hardin, MT
Sandpoint-B. Ferry, ID
Montana 3, MT
Grangeville, ID
Montana 5, MT
Idaho 2, ID
Montana 2, MT
Kellogg, ID
Browning-Conrad, MT
Worland-Therm., WY
Orofino, ID
Montana 1, MT
St. Maries, ID
Twin Falls, ID
Idaho 1, ID
Salmon, ID

Type

ΔAD (km²)

Small town
Micropolitan
Micropolitan
Rural
Small town
Small town
Metropolitan
Small town
Small town
Small town
Small town
Small town
Rural
Small town
Small town
Rural
Small town
Rural
Rural
Rural
Small town
Small town
Small town
Small town
Rural
Small town
Micropolitan
Rural
Small town

0.6
2.1
1.6
1.3
2.1
0.6
1.4
1.0
2.0
0.7
0.8
2.6
1.1
1.0
2.5
1.3
0.4
0.3
0.6
0.1
0.7
2.0
0.7
0.4
1.4
0.2
6.2
1.0
0.3

AD
Percent
change
1.4
1.4
1.1
1.1
1.1
1.0
1.0
1.0
0.9
0.8
0.8
0.8
0.7
0.7
0.7
0.6
0.6
0.5
0.5
0.5
0.5
0.5
0.4
0.4
0.4
0.3
0.3
0.3
0.2
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Figure 6. Graph of change in All Development from 2001 to 2016 in each sub-region.
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Figure 7. Map of the percent change in All Development from 2001 to 2016.
Breaks are geometric.
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The results for All Development captured the increase in developed area where
non-developed classes became developed but did not capture a change in existing development
class (e.g., from low intensity in 2001 to high intensity development in 2016). While the
magnitude of change varied across sub-regions, every sub-region had new development. In
general, Metropolitan and Micropolitan areas experienced larger increases in development than
Small town and Rural areas, except for the Wyoming 1 and Douglas sub-regions. Development
around urban cores could indicate sprawl or exurban development into the rural fringe.
Metropolitan Twin Falls differed as it had a minimal increase and may provide an example of
stable urban area with minimal development or proactive planning. The new development in
Wyoming 1 and Douglas largely took place on public land (Figure 1 and 4). Wyoming 1 contains
large oil and gas basins which spiked in development and production from 2001 to 2016
(Wyoming State Geological Survey 2017). Though shifts towards landscapes of consumption
have been prevalent across the region, some sub-regions remained highly dependent on natural
resource production, such as in Wyoming (Limerick et al. 2003; Shumway and Otterstrom 2001).

Low Density Development
The change in Low Density Development measured the change in composition of degrees
of development in the sub-region. Increases in LDD indicated sprawl may have occurred.
Change in LDD area ranged from 11.6 km² (Wyoming 1) to -4.2 km² (Montana 2). Change in the
percentage of LDD ranged from -1.7% (Wheatland, WY) to 16.7% (Wyoming 1). Twenty-five
of the 58 sub-regions experienced decreases in LDD (Table 6, Figure 9). Figure 9 shows
neighboring sub-regions often have dramatically different relative changes in LDD. The
Bozeman sub-region was selected as an example of the LDD metric (Figure 10).
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Table 6. Change in Low Density Development from 2001 to 2016. Sub-regions are ordered from greatest to least percent change.

Sub-region
Wyoming 1, WY
Gillette, WY
Coeur d’Alene, ID
Bozeman, MT
Rock Springs, WY
Casper, WY
Lander, WY
Rawlins, WY
Kalispell, MT
Kemmerer, WY
Libby, MT
Montana 4, MT
Cheyenne, WY
Helena, MT
Buffalo, WY
Missoula, MT
Rexburg, ID
Evanston, WY
Sheridan, WY
Idaho 3, ID
Sandpoint-B. Ferry, ID
Laramie, WY
Billings, MT
Hailey-Ketchum, ID
Riverton, WY
Hamilton, MT
Polson, MT
Cody, WY
Great Falls, MT

Type
Rural
Micropolitan
Metropolitan
Micropolitan
Micropolitan
Metropolitan
Small Town
Small Town
Micropolitan
Small Town
Small Town
Rural
Metropolitan
Micropolitan
Small Town
Metropolitan
Micropolitan
Micropolitan
Micropolitan
Rural
Small Town
Micropolitan
Metropolitan
Small Town
Micropolitan
Small Town
Small Town
Small Town
Metropolitan

Δ LDD
(km²)
11.6
6.2
9.6
6.8
5.9
4.6
2.2
4.4
5.3
1.6
1.4
3.1
5.0
3.9
0.9
2.6
1.9
0.9
0.7
0.7
0.7
0.6
1.6
0.6
0.4
0.2
0.1
0.3
0.5

LDD Percent
change
16.7
8.4
7.0
3.9
3.8
3.6
3.6
3.3
3.3
3.0
2.4
2.4
2.2
2.1
1.7
1.7
1.6
1.3
1.2
1.0
0.9
0.8
0.6
0.4
0.3
0.3
0.3
0.3
0.2

Sub-region
Hardin, MT
Browning-Conrad, MT
Idaho Falls, ID
Dillon, MT
Idaho 1, ID
St. Maries, ID
Jackson, WY
Livingston, MT
Montana 3, MT
Montana 5, MT
Grangeville, ID
Lewiston, ID
Salmon, ID
Montana 1, MT
Orofino, ID
Twin Falls, ID
Deer Lodge, MT
Kellogg, ID
Moscow, ID
Gooding, ID
Idaho 2, ID
Butte, MT
Montpelier-Soda S., ID
Worland-Therm., WY
Pocatello, ID
Wyoming 2, WY
Montana 2, MT
Douglas, WY
Wheatland, WY

Type
Small Town
Small Town
Metropolitan
Small Town
Rural
Small Town
Micropolitan
Small Town
Rural
Rural
Small Town
Metropolitan
Small Town
Rural
Small Town
Micropolitan
Small Town
Small Town
Micropolitan
Small Town
Rural
Micropolitan
Small Town
Small Town
Metropolitan
Rural
Rural
Small Town
Small Town

Δ LDD
(km²)
0.1
0.3
0.6
0.0
-0.1
0.0
-0.1
-0.1
0.0
-0.2
0.0
-0.2
-0.2
-0.4
-0.1
-1.0
-0.2
-0.1
-0.3
-0.4
-0.3
-0.6
-0.2
-0.6
-2.0
-0.9
-4.2
-0.9
-1.1

LDD Percent
change
0.2
0.2
0.1
0.0
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.2
-0.3
-0.3
-0.3
-0.3
-0.4
-0.4
-0.4
-0.5
-0.5
-0.5
-0.7
-0.8
-0.9
-1.0
-1.5
-1.6
-1.7
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Figure 8. Graph of change in Low Density Development from 2001 to 2016.

Sub-regions are categorized by type of urban core.
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Figure 9. Map of the percent change in Low Density Development (left). Map of new Low Density Development that occurred between 2001 to 2016 (right).
Breaks are geometric (left).
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Results of the LDD analysis provided insight about the type of development and
efficiency of land use (Travis 2007). A lot of new LDD (Figure 9) occurred around Metropolitan
and Micropolitan cores (e.g., Coeur d’Alene, ID; Missoula, MT; Kalispell, MT; Gillette, WY;
etc.). Increased LDD around urban cores may be new low density residential sprawl and exurban
development (Theobald 2005). New energy development also occurred in sub-regions as LDD
(e.g. Wyoming 1; Rock Springs, WY; Kemmerer, WY; etc.; Figure 1 and 9).
Low Density Development can serve as a temporary stage in development, as
development can increase or urbanize over time (Galster et al. 2001). Many sub-regions
experienced declines in LDD, with Montana 2 having the greatest decrease in area (-4.2 km²;
Table 6). Nineteen of the sub-regions which experienced decreases in LDD were Rural/Small
town indicating an urbanization trend in these areas as low density development transitioned into
a higher density (Table 6, Figure 9). Six of the sub-regions that experienced decreases in LDD
were Metropolitan or Micropolitan sub-regions (Table 6, Figure 8). This may indicate land-use
planning leading to compact growth or land developability constraints limiting growth to already
developed areas in sub-regions (Jackson, WY and Lewiston, ID; Figure 1). Further investigation
is necessary to assess the role of land-use planning in affecting LDD.

Case Study: The Bozeman sub-region provided an example of LDD around an urban core
(Figure 10). LDD in the sub-region increased by 6.8 km², or 3.9% (Table 6), the third largest
increase in area and fourth largest percent increase of the sub-regions (Table 6, Figure 8, and
Figure 9). The Bozeman area has been one of the fastest growing areas of its size in the nation
(US Census Bureau 2017). Estimates are that Gallatin County (within the Bozeman sub-region)
could see 55,000 new residents by 2045 (Economic & Planning Systems, Inc. 2018). There is
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still a large area of privately owned or unprotected land available for development near Bozeman
as of 2016 (Figure 10). With relatively few physical constraints on development in a high
amenity area (e.g., close to a host of recreational opportunities and National Forests and
Yellowstone National Park), it is a prime candidate for sprawl (Abrams and Bliss 2013; Lekies et
al. 2015; McGranahan 1999; Moss 2006). LDD is occurring on the outskirts of the urban area,
outside of the municipal boundaries, in a typical exurban development pattern (Figure 9;
Newburn and Berck 2011a). Belgrade, Manhattan, and Three Forks are transitioning from
solitary, small communities, to satellite communities as the cost of living has increased in
Bozeman.
The new Low Density Development in the central part of the sub-region is near Big Sky
which was founded relatively recent to support the neighboring ski resort in an area, and until
recently had few land-use regulations (Ring 1997). Increased LDD was exhibited around Big
Sky ski resort (central part of sub-region) indicative of amenity migration and development.

46

Figure 10. Map of the Bozeman, MT sub-region, the case study for Low Density Development.
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Converted Land
Converted land (CL) referred to new development that took place from 2001 to 2016 on
previously cropland or forested land. High rates of CL indicated the sub-region experienced
greater development-related impacts to crop and forest land. The area of CL ranged from 0.0 km²
(many sub-regions) to 12.5 km² (Idaho Falls, ID; Table 8, Figure 11). The percentage of CL
ranged from 0.0% (ten sub-regions) to 86.4% (Moscow, ID; Table 7, Figure 11, Figure 12). Ten
sub-regions had no CL from 2001 to 2016 (Table 7, Figure 11). The Moscow sub-region was
selected as a case study (Figure 13).
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Table 7. Converted land from 2001 to 2016 for each sub-region. Sub-regions are ordered from greatest to least change

Sub-region
Moscow, ID
Rexburg, ID
Idaho Falls, ID
Kalispell, MT
Bozeman, MT
Coeur d’Alene, ID
Missoula, MT
Worland-Therm., WY
Great Falls, MT
Twin Falls, ID
Billings, MT
Hardin, MT
Montana 4, MT
Polson, MT
Idaho 3, ID
Sheridan, WY
Lewiston, ID
Grangeville, ID
Riverton, WY
Hamilton, MT
Dillon, MT
Sandpoint-B. Ferry, ID
Libby, MT
Cody, WY
Wyoming 2, WY
Helena, MT
Salmon, ID
Montana 3, MT
Gooding, ID

Type
Micropolitan
Micropolitan
Metropolitan
Micropolitan
Micropolitan
Metropolitan
Metropolitan
Small Town
Metropolitan
Micropolitan
Metropolitan
Small Town
Rural
Small Town
Rural
Micropolitan
Metropolitan
Small Town
Micropolitan
Small Town
Small Town
Small Town
Small Town
Small Town
Rural
Micropolitan
Small Town
Rural
Small Town

Converted
land area
1.4
5.2
12.5
7.5
8.2
8.6
3.1
0.3
2.3
2.0
4.9
0.3
1.2
0.2
0.3
0.7
0.3
0.1
0.6
0.2
0.1
0.4
0.4
0.6
0.2
1.1
0.0
0.1
0.1

Percent
change
86.4
79.0
66.5
64.4
49.7
38.7
36.5
33.5
32.8
32.0
31.3
31.1
27.7
23.8
22.7
22.3
22.0
21.8
19.0
18.6
17.2
16.0
15.5
14.5
13.3
11.3
9.6
8.4
8.4

Sub-region
Hailey-Ketchum, ID
Idaho 1, ID
Pocatello, ID
Jackson, WY
Wheatland, WY
Montpelier-Soda S., ID
Lander, WY
Montana 1, MT
Gillette, WY
Evanston, WY
Butte, MT
Cheyenne, WY
Wyoming 1, WY
Laramie, WY
Buffalo, WY
Kemmerer, WY
Casper, WY
Rock Springs, WY
Browning-Conrad, MT
Deer Lodge, MT
Douglas, WY
Kellogg, ID
Livingston, MT
Orofino, ID
Rawlins, WY
St. Maries, ID
Idaho 2, ID
Montana 2, MT
Montana 5, MT

Type
Small Town
Rural
Metropolitan
Micropolitan
Small Town
Small Town
Small Town
Rural
Micropolitan
Micropolitan
Micropolitan
Metropolitan
Rural
Micropolitan
Small Town
Small Town
Metropolitan
Micropolitan
Small Town
Small Town
Small Town
Small Town
Small Town
Small Town
Small Town
Small Town
Rural
Rural
Rural

Converted
land area
0.1
0.1
0.3
0.1
0.1
0.1
0.1
0.0
0.4
0.1
0.1
0.3
0.2
0.1
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Percent
change
6.5
6.1
5.9
5.8
4.8
3.6
3.3
3.2
2.9
2.7
2.5
1.8
1.2
1.1
0.9
0.7
0.6
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Figure 11. Graph of Converted land area and percent from 2001 to 2016 by sub-region.
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A large proportion of the region is undevelopable due to public land constraints, leaving
cropland and privately owned forest lands as likely places for residential development. Loss of
crop and forest land has been identified as a regionally specific development-related impact
(Gosnell and Travis 2005; Theobald 2005). There is a geographic component to the observed CL
rates as forest and crop-dominated sub-regions (e.g., Moscow, ID; Idaho Falls, ID; Kalispell,
MT; etc.) experienced high rates and shrub and grassland-dominated sub-regions did not (most
sub-regions in Wyoming had low rates, e.g., Rawlins, WY; Rock Springs, ID; Douglas, WY;
etc.) as shown in Figure 12. Idaho Falls, the sub-region with the largest area of CL (12.5 km²)
has historically maintained a predominately agricultural economy, but experienced substantial
economic restructuring as nonfarm jobs increased from 48.8% in January of 2001 to 61.3% in
January of 2016 (U.S. Bureau of Labor Statistics 2020). This shift could be related to the high
rate of development of previously crop/forest land. The sub-regions with the least CL consist
primarily of grasslands and shrublands and appear to have primarily experienced energy site
development (e.g., Douglas, WY; Rawlins, WY; etc.). The sub-regions that have cropland and
forested land but low rates of CL, generally had small rates of AD and large expanses of
protected land (e.g., Idaho 2; Montana 4; and Kellogg, ID; etc.) as shown in Table 10 and Figure
2. An important planning consideration that emerged from these results is the risk posed by
development to crop/forest land, specifically in Metropolitan and Micropolitan sub-regions.
More extensive examination of the land cover within the sub-regions and the ratio of conversion
to development needs to be explored to determine where crop and forest land are at risk of being
developed.

52

Case Study: The Moscow sub-region is primarily composed of crop and forest land
(Figure 13). Despite only 1.4 km² of CL, the change was 86.0% (Table 7, Figure 11), the highest
in the region. Most of the new development in the sub-region was in and around the city of
Moscow (Figure 13). Development spread outside of the municipal boundary as the space within
is essentially developed (Figure 13). The City of Moscow has experienced population growth
and development pressure (US Census Bureau 2017). Because the land cover in the region is
predominantly agriculture, continued development will likely occur on cropland, an issue of
concern in the area (Foy 2019; Ottoson 2019). In 2013, the County Commissioners revised the
land-use code to reduce the amount of land required to permit subdivisions from 40 to 10 acres
and removed a clause which stipulated that it be poor soil (Macz 2013), increasing the number of
dividable properties by 70 percent. While the county did not have a land use plan in place, the
City of Moscow recently adopted a land-use plan in 2019, which includes special zoning to
protect agricultural land (Moscow Planning Dept. 2019; Ottoson 2019). The county
commissioners have resisted creating a comprehensive plan for the county and finally ceded due
to pressure from the state in 2019. The commissioners hesitation is related to their support of
private property rights (Ottoson 2019). Cooperation between the city and county would benefit
future land-use planning is similar development patterns continue.
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Figure 13. Map of the Moscow, ID, the case study for Converted Land.
The NLCD 2016 forest and cropland classification are shown, another with the categories created in this study. The scale bar provides the linear
distance for the sub-region map (right). The inset map shows the City of Moscow and measures 20 miles from east to west.

54

Configuration Metrics
The configuration metrics (i.e., Clumpy, Shape, and ENN) measured the change in
development patch shape, location, and arrangement within the sub-regions. The Non-Road All
Development layer (Figure 5) was used to calculate these metrics as roads skew configuration
metrics (Soulard, Acevedo, and Stehman 2018). Configuration patterns, such as these three, take
a long time to exhibit substantial change, and thus the measured change may be small (Ewing
and Hamidi 2010), but are still pertinent as configuration drives landscape-level outcomes and
can serve as early warning signs for haphazard development.

Change in Non-Road All Development
The change in the Non-Road All Development (NRAD) across the region (Figure 5)
measured the change in non-road development (e.g., urban, energy, etc.). Sub-regions with larger
increases in NRAD experienced more urban/energy development than those that did not. The
change in NRAD area ranged from 0.0 km² (Orofino, ID) to 5.7 km² (Wyoming 1; Table 11).
The percent change ranged from 0.0% (Orofino, ID) to 155.4% (Wyoming 1; Table 8, Figure
14). Metropolitan and Micropolitan sub-regions generally had the largest increases (Figure 14
and 15).
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Table 8. Change in Non-Road All Development from 2001 to 2016 for each sub-region. Sub-regions are ordered from greatest to least percent change.

Sub-region

Type

Wyoming 1, WY
Montana 5, MT
Buffalo, WY
Lander, WY
Idaho 3, ID
Rexburg, ID
Casper, WY
Bozeman, MT
Montpelier-Soda S., ID
Helena, MT
Idaho Falls, ID
Riverton, WY
Coeur d’Alene, ID
Douglas, WY
Polson, MT
Kemmerer, WY
Cody, WY
Missoula, MT
Rock Springs, WY
Cheyenne, WY
Gillette, WY
Wyoming 2, WY
Kalispell, MT
Rawlins, WY
Montana 3, MT
Dillon, MT
Laramie, WY
Hamilton, MT
Kellogg, ID

Rural
Rural
Small town
Small town
Rural
Micropolitan
Metropolitan
Micropolitan
Small town
Micropolitan
Metropolitan
Micropolitan
Metropolitan
Small town
Small town
Small town
Small town
Metropolitan
Micropolitan
Metropolitan
Micropolitan
Rural
Micropolitan
Small town
Rural
Small town
Micropolitan
Small town
Small town

Δ
Non-Road
Dev. (km²)
5.7
1.4
1.0
1.1
0.3
1.7
3.6
4.2
0.1
2.4
5.0
0.7
5.2
3.0
0.2
1.0
1.1
2.1
4.4
5.0
4.2
0.4
2.9
2.1
0.0
0.1
1.1
0.2
0.1

Non-Road
Dev. Percent
change
155.4
56.2
36.7
34.6
30.1
25.2
24.6
20.7
19.9
16.4
14.8
13.5
13.2
12.5
12.3
12.0
11.5
10.5
10.0
9.5
8.2
7.5
7.3
7.2
6.8
6.4
5.7
5.3
5.3

Sub-region

Type

Δ Non-Road
Dev. (km²)

Sheridan, WY
Billings, MT
Hailey-Ketchum, ID
Jackson, WY
Livingston, MT
Worland-Therm., WY
Montana 4, MT
Butte, MT
Deer Lodge, MT
Great Falls, MT
Moscow, ID
Pocatello, ID
Evanston, WY
Wheatland, WY
Grangeville, ID
Lewiston, ID
Montana 1, MT
Libby, MT
Sandpoint-B. Ferry, ID
Salmon, ID
Montana 2, MT
Gooding, ID
St. Maries, ID
Hardin, MT
Idaho 2, ID
Twin Falls, ID
Idaho 1, ID
Browning-Conrad, MT
Orofino, ID

Micropolitan
Metropolitan
Small town
Micropolitan
Small town
Small town
Rural
Micropolitan
Small town
Metropolitan
Micropolitan
Metropolitan
Micropolitan
Small town
Small town
Metropolitan
Rural
Small town
Small town
Small town
Rural
Small town
Small town
Small town
Rural
Micropolitan
Rural
Small town
Small town

0.9
4.1
0.5
0.3
0.1
0.2
0.1
0.4
0.1
1.8
0.4
1.0
0.6
0.5
0.2
0.4
0.6
0.7
0.6
0.1
0.2
0.3
0.0
0.2
0.2
1.6
0.2
0.3
0.0

Non-Road
Dev. Percent
change
5.0
4.9
4.7
4.5
4.2
4.2
4.0
3.8
3.4
3.1
2.8
2.6
2.1
2.0
2.0
1.8
1.6
1.6
0.9
0.9
0.8
0.8
0.8
0.7
0.5
0.3
0.2
0.2
0.0
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Billings, MT
Casper, WY
Cheyenne, WY
Coeur d’Alene, ID
Great Falls, MT
Idaho Falls, ID
Lewiston, ID
Missoula, MT
Pocatello, ID
Bozeman, MT
Butte, MT
Evanston, WY
Gillette, WY
Helena, MT
Jackson, WY
Kalispell, MT
Laramie, WY
Moscow, ID
Rexburg, ID
Riverton, WY
Rock Springs, WY
Sheridan, WY
Twin Falls, ID
Browning-Conrad, MT
Buffalo, WY
Cody, WY
Deer Lodge, MT
Dillon, MT
Douglas, WY
Gooding, ID
Grangeville, ID
Hailey-Ketchum, ID
Hamilton, MT
Hardin, MT
Kellogg, ID
Kemmerer, WY
Lander, WY
Libby, MT
Livingston, MT
Montpelier-Soda Springs, ID
Orofino, ID
Polson, MT
Rawlins, WY
Salmon, ID
Sandpoint-Bonners Ferry, ID
St. Maries, ID
Wheatland, WY
Worland-Thermopolis, WY
Idaho 1, ID
Idaho 2, ID
Idaho 3, ID
Montana 1, MT
Montana 2, MT
Montana 3, MT
Montana 4, MT
Montana 5, MT
Wyoming 1, WY
Wyoming 2, WY

Change in NonRoad development area (km²)

Change in Roadless Dev. (km²)
Percent change

0%

-20%

Rural

Figure 14. Graph of change in Non-Road Developed area from 2001 to 2016 by sub-region.
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Figure 15. Map of the percent change in Non-Road All Development from 2001 to 2016.
Breaks are geometrics.
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The change in NRAD quantified the difference in non-road development (e.g.,
residential, urban, industrial, energy) within each sub-region from 2001 to 2016 (Figure 5 and
15). Generally, Metropolitan and Micropolitan sub-regions experienced larger increases in
NRAD indicated urban areas experienced new residential, commercial, and energy development,
which is supported by AD results. (Table 8, Figure 14). Wyoming 1 experienced the largest
percent increase in both AD with roads and NRAD without from 2001 to 2016 related to energy
site development (Table 5 and 8). Orofino is the only sub-region that had no increase in NRAD
(Table 8), meaning no non-road development occurred from 2001 to 2016. These results suggest
that non-road development occurred widely across the region.

Clumpy index
The Clumpy index measured the change in dispersion of development patches from 2001
to 2016. While an increase in the Clumpy index usually indicates more aggregated patches
(McGarigal 2015), the index was inverted for this study so increases indicated more dispersion.
Changes in the Clumpy index metric ranged from -0.8 (Wyoming 1) to 0.3 (Rawlins, WY; Table
9). The percent change for the Clumpy index ranged from -14.8% (Wyoming 1) to 4.1%
(Rawlins, WY; Table 9, Figure 16, Figure 17). Twenty-one sub-regions did not experience
sizable changes in Clumpy index, as indicated by a ΔClumpy index of 0.0 (Table 9). Eight
sub-regions experienced changes indicative of increased dispersion from 2001 to 2016, though
most sub-regions experienced decreases (Figure 16 and 17). The Dillon sub-region was selected
as a case study (Figure 18).
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Table 9. Change in Clumpy index from 2001 to 2016 by sub-region. Sub-regions are ordered from greatest to least percent change.

Sub-region

Type

Δ Clumpy
index

Clumpy index
Percent change

Rawlins, WY
Gillette, WY
Dillon, MT
Deer Lodge, MT
Montana 2, MT
Sheridan, WY
Rock Springs, WY
Idaho 2, ID
Bozeman, MT
Montana 3, MT
Billings, MT
Lander, WY
Jackson, WY
Douglas, WY
Hamilton, MT
Kemmerer, WY
Orofino, ID
Montana 1, MT
Livingston, MT
Pocatello, ID
Casper, WY
Montana 4, MT
Polson, MT
Hailey-Ketchum, ID
Butte, MT
Salmon, ID
Worland-Therm., WY
Kalispell, MT
Lewiston, ID

Small Town
Micropolitan
Small Town
Small Town
Rural
Micropolitan
Micropolitan
Rural
Micropolitan
Rural
Metropolitan
Small Town
Micropolitan
Small Town
Small Town
Small Town
Small Town
Rural
Small Town
Metropolitan
Metropolitan
Rural
Small Town
Small Town
Micropolitan
Small Town
Small Town
Micropolitan
Metropolitan

0.3
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

4.1
2.1
1.6
1.3
1.0
0.7
0.8
0.9
0.5
0.5
0.4
0.3
0.2
-0.1
-0.1
-0.1
-0.2
-0.2
-0.2
-0.3
-0.4
-0.6
-0.6
-0.6
-0.6
-0.6
-0.6
-0.6
-0.6

Sub-region
Helena, MT
Cody, WY
Moscow, ID
Evanston, WY
Buffalo, WY
Kellogg, ID
Idaho Falls, ID
Great Falls, MT
St. Maries, ID
Idaho 1, ID
Wyoming 2, WY
Coeur d’Alene, ID
Missoula, MT
Idaho 3, ID
Sandpoint-B. Ferry, ID
Gooding, ID
Riverton, WY
Browning-Conrad, MT
Twin Falls, ID
Hardin, MT
Laramie, WY
Rexburg, ID
Libby, MT
Cheyenne, WY
Montpelier-Soda S., ID
Wheatland, WY
Montana 5, MT
Grangeville, ID
Wyoming 1, WY

Type

Δ Clumpy
index

Micropolitan
Small Town
Micropolitan
Micropolitan
Small Town
Small Town
Metropolitan
Metropolitan
Small Town
Rural
Rural
Metropolitan
Metropolitan
Rural
Small Town
Small Town
Micropolitan
Small Town
Micropolitan
Small Town
Micropolitan
Micropolitan
Small Town
Metropolitan
Small Town
Small Town
Rural
Small Town
Rural

-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.2
-0.2
-0.2
-0.2
-0.2
-0.3
-0.4
-0.4
-0.8

Clumpy index
Percent
change
-0.8
-1.0
-1.1
-1.1
-1.1
-1.2
-1.3
-1.5
-1.6
-1.6
-1.7
-1.8
-1.9
-2.0
-2.0
-2.0
-2.0
-2.2
-2.2
-2.2
-2.8
-2.8
-3.1
-3.6
-3.7
-4.2
-5.5
-6.1
-14.8
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0
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-0.05
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-0.6
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-1
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Micropolitan
Small Town

Percent change Clumpy index

Billings, MT
Casper, WY
Cheyenne, WY
Coeur d’Alene, ID
Great Falls, MT
Idaho Falls, ID
Lewiston, ID
Missoula, MT
Pocatello, ID
Bozeman, MT
Butte, MT
Evanston, WY
Gillette, WY
Helena, MT
Jackson, WY
Kalispell, MT
Laramie, WY
Moscow, ID
Rexburg, ID
Riverton, WY
Rock Springs, WY
Sheridan, WY
Twin Falls, ID
Browning-Conrad, MT
Buffalo, WY
Cody,WY
Deer Lodge, MT
Dillon, MT
Douglas, WY
Gooding, ID
Grangeville, ID
Hailey-Ketchum, ID
Hamilton, MT
Hardin, MT
Kellogg, ID
Kemmerer, WY
Lander, WY
Libby, MT
Livingston, MT
Montpelier-Soda Springs, ID
Orofino, ID
Polson, MT
Rawlins, WY
Salmon, ID
Sandpoint-Bonners Ferry, ID
St. Maries, ID
Wheatland, WY
Worland-Thermopolis, WY
Idaho 1
Idaho 2
Idaho 3
Montana 1
Montana 2
Montana 3
Montana 4
Montana 5
Wyoming 1
Wyoming 2

Change in Clumpy index value

Δ in Clumpy index
Percent change
0.1

0.05

-0.15

-0.2

Rural

Figure 16. Graph of change in Clumpy index from 2001 to 2016 by sub-region.
The index was inverted for this study, so decreasing values indicate aggregation in Non-Road All Development.
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Figure 17. Map of percent change in Clumpy index from 2001 to 2016 in sub-regions.
Breaks are geometric. The index was inverted for this study, so decreasing values indicate aggregation in roadless development.
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The Clumpy index measured whether development is occurring as infill or around
preexisting development or as fragmented and scattered development. Most of the sub-regions
experienced little change or small decreases in the Clumpy index (Table 9, Figure 16), with
Wyoming 1, having a large decrease in the Clumpy index. This large decrease is likely because
of the extensive energy development expanded in dendritic patterns which caused an decrease in
the Clumpy index (Table 3, Figure 5). In several of the sub-regions, increased Clumpy index
seems related to leapfrog, satellite, and strip sprawl development (e.g., Dillon, MT; Bozeman,
MT; Sheridan, WY; etc.), while in others it seems related to energy development (e.g., Rawlins,
WY; Lander, WY; etc.). In Small town sub-regions decreased Clumpy index likely points to
rural urbanization as previously dispersped development converges (e.g. Grangeville, ID; Libby,
MT; Sandpoint-Bonners Ferry, ID; etc.) as shown in Figure 5. Supported by the LDD results
(Table 6, Figure 8), development in many Small town sub-regions became less dispersed and
more urbanized. The Clumpy index did capture changes in the dispersion of patches, but may not
be the best metric for measuring change in development at the sub-regional scale in the NRMR.
The Clumpy index assessed adjacencies of like cells and measures the proportion of the
landscape occupied by a patch type, which considering the average sub-region (large
undeveloped area, small patches of development) may explain why the changes measured were
minimal (McGarigal and Marks 1994). Substituting a patch density metric for the Clumpy index,
for example, may more clearly assess dispersion. The patch density metric measures the number
of patches per square area and thus would indicate whether development amalgamated into fewer
patches or dispersed into more patches.
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Case study: The Small town sub-region of Dillon became more dispersed and fragmented
from 2001 to 2016. The change in Clumpy index for the sub-region was an 0.1 increase (1.6%;
Table 9). It is a moderately constrained sub-region, with development primarily being in and
around the municipality of Dillon (Figure 18). The new Development primarily occurred toward
the north and south in linear patterns along Interstate 15, with fragmented patterns creating a
more dispersed footprint. Both the city and county have land-use plans in place that specifically
address rural sprawl and its impacts (Beaverhead County Planning Board 2013; City of Dillon
2016). The county plan, adopted in 2013, specifically notes that “residential development
patterns have been dictated by the real estate market resulting in scattered rural residential
development” (Beaverhead County Planning Board 2013). To address the demand for rural
residences in natural amenity areas, goals within their comprehensive plan included the
promotion of “future commercial growth and high-density residential development in established
urban and urban influence areas” and encouraging “a long-term pattern of land use and
development that balances the economy and quality of life” (Beaverhead County Planning Board
2013). Future research investigating development patterns before and after the adoption of the
growth policies would illuminate how the plans are directing growth.
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Figure 18. Map of the Dillon, MT sub-region, the case study for Clumpy index.
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Shape index
The Shape index measured the mean change in the physical form of development patches
for the sub-region. Increased Shape index values indicated the development patches within the
sub-region generally became more irregularly shaped from 2001 to 2016. Decreased Shape index
values indicated that development patches generally became more normal-shaped as a result of
new development (i.e., square; Table 3; McGarigal, Cushman, and Ene 2012) or that new,
isolated patches were more normal shaped resulting in the overall decrease in mean Shape index
for the sub-region. If new development caused development patches to become more linear, the
Shape index would increase from 2001 to 2106. Change in the Shape index metric ranged
from -1.2 (Dillon, MT) to 3.6 (Wyoming 1, Table 13). The percent change ranged from -1.1%
(Dillon, MT) to 3.4% (Wyoming 1; Table 10, Figure 19, and Figure 20). The Orofino, Idaho
sub-region had no change (0.0%) in Shape from 2001 to 2016 (Figure 19 and 20). The majority
of the sub-regions experienced increases in Shape index (Figure 19 and 20). Idaho 3 was selected
as a case study for the Shape index (Figure 21).
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Table 10. Change in Shape index from 2001 to 2016. Sub-regions are ordered from greatest to least percent change.

Sub-region
Wyoming 1, WY
Buffalo, WY
Coeur d’Alene, ID
Lander, WY
Kalispell, MT
Douglas, WY
Casper, WY
Rexburg, ID
Montana 4, MT
Idaho 3, ID
Cheyenne, WY
Kemmerer, WY
Laramie, WY
Idaho Falls, ID
Hardin, MT
Rawlins, WY
Cody, WY
Montpelier-Soda S., ID
Bozeman, MT
Helena, MT
Missoula, MT
Montana 2, MT
Riverton, WY
Billings, MT
Wheatland, WY
Great Falls, MT
Rock Springs, WY
Grangeville, ID
Pocatello, ID

Type
Rural
Small Town
Metropolitan
Small Town
Micropolitan
Small Town
Metropolitan
Micropolitan
Rural
Rural
Metropolitan
Small Town
Micropolitan
Metropolitan
Small Town
Small Town
Small Town
Small Town
Micropolitan
Micropolitan
Metropolitan
Rural
Micropolitan
Metropolitan
Small Town
Metropolitan
Micropolitan
Small Town
Metropolitan

Δ Shape
index
3.6
3.1
1.9
1.7
1.6
1.5
1.5
1.5
1.3
1.3
1.2
1.2
1.1
1.1
1.1
1.0
0.9
0.8
0.8
0.8
0.8
0.7
0.7
0.6
0.6
0.5
0.5
0.5
0.5

Shape index
Percent change
3.4
2.8
1.7
1.5
1.4
1.4
1.3
1.3
1.2
1.2
1.1
1.2
1.0
1.0
1.0
1.0
0.8
0.7
0.7
0.7
0.7
0.7
0.7
0.5
0.5
0.5
0.5
0.5
0.4

Sub-region
Twin Falls, ID
Moscow, ID
Browning-Conrad, MT
Lewiston, ID
Sandpoint-B. Ferry, ID
Gooding, ID
Worland-Therm., WY
Livingston, MT
Evanston, WY
Hailey-Ketchum, ID
Idaho 1, ID
St. Maries, ID
Gillette, WY
Hamilton, MT
Montana 5, MT
Libby, MT
Wyoming 2, WY
Montana 3, MT
Kellogg, ID
Orofino, ID
Jackson, WY
Butte, MT
Montana 1, MT
Sheridan, WY
Polson, MT
Salmon, ID
Idaho 2, ID
Deer Lodge, MT
Dillon, MT

Type
Micropolitan
Micropolitan
Small Town
Metropolitan
Small Town
Small Town
Small Town
Small Town
Micropolitan
Small Town
Rural
Small Town
Micropolitan
Small Town
Rural
Small Town
Rural
Rural
Small Town
Small Town
Micropolitan
Micropolitan
Rural
Micropolitan
Small Town
Small Town
Rural
Small Town
Small Town

Δ Shape
index
0.47
0.46
0.45
0.44
0.4
0.34
0.34
0.3
0.29
0.27
0.25
0.22
0.17
0.17
0.17
0.13
0.07
0.05
0.04
0.0
-0.1
-0.1
-0.1
-0.3
-0.3
-0.4
-0.9
-1.1
-1.2

Shape index
Percent change
0.4
0.4
0.4
0.4
0.4
0.3
0.3
0.3
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.1
0.1
0.1
0.0
0.0
-0.1
-0.1
-0.1
-0.2
-0.3
-0.4
-0.8
-1.0
-1.1
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Billings, MT
Casper, WY
Cheyenne, WY
Coeur d’Alene, ID
Great Falls, MT
Idaho Falls, ID
Lewiston, ID
Missoula, MT
Pocatello, ID
Bozeman, MT
Butte, MT
Evanston, WY
Gillette, WY
Helena, MT
Jackson, WY
Kalispell, MT
Laramie, WY
Moscow, ID
Rexburg, ID
Riverton, WY
Rock Springs, WY
Sheridan, WY
Twin Falls, ID
Browning-Conrad, MT
Buffalo, WY
Cody,WY
Deer Lodge, MT
Dillon, MT
Douglas, WY
Gooding, ID
Grangeville, ID
Hailey-Ketchum, ID
Hamilton, MT
Hardin, MT
Kellogg, ID
Kemmerer, WY
Lander, WY
Libby, MT
Livingston, MT
Montpelier-Soda Springs, ID
Orofino, ID
Polson, MT
Rawlins, WY
Salmon, ID
Sandpoint-Bonners Ferry, ID
St. Maries, ID
Wheatland, WY
Worland-Thermopolis, WY
Idaho 1
Idaho 2
Idaho 3
Montana 1
Montana 2
Montana 3
Montana 4
Montana 5
Wyoming 1
Wyoming 2
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Δ in Shape index
Percent change
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Figure 19. Graph of change in Shape from 2001 to 2016 by sub-region.
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Figure 20. Map of percent change in Shape index from 2001 to 2016 in sub-regions.
Breaks are geometric.
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The Shape index measured whether new development resulted in more irregular or
normal shaped patches across a sub region (McGarigal and Marks 1994). Increased Shape index
in sub-regions seems primarily related to energy development (e.g.; Wyoming 1; Buffalo, WY;
etc.) and linear strip development (e.g., Coeur d’Alene, ID; Kalispell, MT; Idaho 3; etc.;
Moldoff 2004). Increased Shape index occurred in areas where there was a higher density of
development or a greater magnitude of localized new development from 2001 to 2016. Changes
in Shape index was most obvious in Metropolitan and Micropolitan cores because there is a
higher density of development compared to Small town and Rural sub-regions, especially as only
Non-Road Development was included. Development in more rural areas generally comprises
scattered, lower density structures surrounded by open land. When roads are removed these
become tiny, isolated patches of development, make changes in Shape less pronounced. Strip
development patterns emerge in many of the sub-regions (e.g., Cheyenne, WY; Billings, MT;
Idaho Falls, ID; etc.; Moldoff 2004) as shown in Figure 5. Decreased Shape index in Small town
and Rural sub-regions was likely due to new isolated, small, square patches of development
(Figure 5).
When measuring development, assessing the development within each sub-region as a
single unit of development and how that shape changed over time may provide more valuable
insight than the mean shape of the individual patches within the sub-region. Because the Shape
index calculated a value for each patch and averages them together to get the index value for the
sub-region and the values were not area-weighted (i.e., larger patches weighed more heavily in
calculation) tiny square patches (as small as 1 pixel) heavily influenced the Shape index
(McGarigal, Cushman, and Ene 2012; McGarigal 2015). Consider the Dillon sub-region, which
experienced an increase in Clumpy index (became more disaggregated) but a decrease in Shape
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index (development patches generally squarer) from 2001 to 2016 (Table 9, Table 10, and Figure
18). The Clumpy index indicated the development is spreading out (Table 3) and from the case
study it is apparent the development progressed in a linear pattern along Interstate 15 (Figure
18). The Shape index value decreased from 2001 to 2016 because of the small, isolated square
development patches caused a decrease in the mean shape of patches for the sub-region as a
whole (Figure 18).

Case Study: Idaho 3 demonstrated the changing development patterns the Shape index
measured. From 2001 to 2016 the Shape index value increased by 1.3 (Table 10) indicating
increased irregularity in development pattern. The municipal boundary of the City of Island Park
is a thin, linear boundary on either side of Highway 20, surrounded by public land (Figure 21).
This historical development pattern is emblematic of strip development in many rural areas
which parallels the highway (Moldoff 2004). Owners of the lodges and resorts along the
highway initiated incorporation of Island Park along the highway in 1947 (Green 1990). The
city’s incorporation was designed to circumvent liquor laws that prohibited sale of liquor outside
of city limits (Green 1990). New development from 2001 to 2016 occurred around the resort
area. While the municipality is surrounded by public land, it is a classic high natural amenity
area that experienced population growth since 2000. Here, the natural amenities are both
attracting development and forcing it into the narrow area of developable land. The area provides
an example of how historical development patterns and regulations can affect governance and
development.
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Figure 21. Map of the Rural Idaho 3 sub-region, the case study for Shape index.
The scale bar represents the linear distance for the sub-region map (right).
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Mean Euclidean Nearest Neighbor
The mean Euclidean Nearest Neighbor measured the change in isolation of development
patches with increased values indicating the addition of remote development within the
sub-region. The change in ENN ranged from -5.0 m/km² (Douglas, WY) to 10.1 m/km² (Polson,
MT; Table 11). The percent change in mean ENN ranged from -20.2% (Rawlins, WY) to 20.6%
(Rock Springs, WY; Table 11, Figure 22, and 23). Seven sub-regions (Kellogg, ID; Lewiston,
ID; Evanston, WY; Pocatello, ID; Sandpoint-Bonners Ferry, ID; Missoula, MT; and Idaho 1 had
no change in their mean ENN (Table 11, Figure 22). Most of the sub-regions experienced
decreases in mean ENN (Table 11, Figure 21, Figure 22). The Sheridan sub-region was selected
as a case study (Figure 24).
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Table 11. Change in mean Euclidean Nearest Neighbor from 2001 to 2016. Sub-regions are ordered from greatest to least percent change.

Sub-region

Type

Rock Springs, WY
Polson, MT
Kalispell, MT
Sheridan, WY
Montana 3, MT
Hamilton, MT
Helena, MT
Butte, MT
Grangeville, ID
Kemmerer, WY
Montana 2, MT
Great Falls, MT
Casper, WY
Orofino, ID
Gooding, ID
Kellogg, ID
Lewiston, ID
Evanston, WY
Pocatello, ID
Cheyenne, WY
Sandpoint-B. Ferry, ID
Missoula, MT
Idaho 1, ID
Coeur d’Alene, ID
St. Maries, ID
Worland-Therm., WY
Riverton, WY
Twin Falls, ID
Moscow, ID

Micropolitan
Small Town
Micropolitan
Micropolitan
Rural
Small Town
Micropolitan
Micropolitan
Small Town
Small Town
Rural
Metropolitan
Metropolitan
Small Town
Small Town
Small Town
Metropolitan
Micropolitan
Metropolitan
Metropolitan
Small Town
Metropolitan
Rural
Metropolitan
Small Town
Small Town
Micropolitan
Micropolitan
Micropolitan

Δ Mean ENN
(m/km²)
1.1
10.1
0.9
2.1
3.9
1.0
0.2
0.8
1.8
1.0
0.2
0.1
0.1
0.1
0.1
0.0
0.0
0.0
0.0
-0.1
0.0
0.0
0.0
-0.2
-0.7
-0.2
-0.3
-0.3
-0.1

Mean ENN
Percent change
20.6
18.8
14.7
10.8
5.8
5.5
4.9
4.6
4.3
3.4
3.3
0.8
0.7
0.5
0.5
0.2
0.0
-0.1
-0.2
-0.3
-0.4
-0.6
-0.7
-0.8
-0.9
-1.0
-1.7
-1.7
-1.8

Sub-region

Type

Idaho Falls, ID
Libby, MT
Wheatland, WY
Browning-Conrad, MT
Cody, WY
Idaho 2, ID
Wyoming 2, WY
Hailey-Ketchum, ID
Hardin, MT
Montana 1, MT
Deer Lodge, MT
Livingston, MT
Bozeman, MT
Montpelier-Soda S., ID
Montana 5, MT
Billings, MT
Buffalo, WY
Rexburg, ID
Gillette, WY
Laramie, WY
Salmon, ID
Jackson, WY
Lander, WY
Dillon, MT
Douglas, WY
Idaho 3, ID
Montana 4, MT
Wyoming 1, WY
Rawlins, WY

Metropolitan
Small Town
Small Town
Small Town
Small Town
Rural
Rural
Small Town
Small Town
Rural
Small Town
Small Town
Micropolitan
Small Town
Rural
Metropolitan
Small Town
Micropolitan
Micropolitan
Micropolitan
Small Town
Micropolitan
Small Town
Small Town
Small Town
Rural
Rural
Rural
Small Town

Δ Mean ENN
(m/km²)
-0.14
-0.17
-0.70
-0.45
-0.24
-0.22
-0.44
-0.34
-0.81
-0.95
-1.48
-0.90
-0.55
-0.85
-0.36
-0.37
-1.17
-2.68
-1.78
-1.02
-0.90
-0.83
-1.64
-3.14
-4.97
-3.70
-1.79
-2.49
-1.86

Mean ENN
Percent change
-2.0
-2.0
-2.1
-2.3
-2.3
-2.3
-2.4
-3.0
-3.1
-4.2
-4.4
-4.6
-5.0
-5.3
-5.5
-5.6
-5.6
-5.9
-6.9
-8.1
-8.6
-9.8
-10.3
-10.4
-14.2
-15.0
-17.8
-17.8
-20.2
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Small Town

Percent change Average ENN

Billings, MT
Casper, WY
Cheyenne, WY
Coeur d’Alene, ID
Great Falls, MT
Idaho Falls, ID
Lewiston, ID
Missoula, MT
Pocatello, ID
Bozeman, MT
Butte, MT
Evanston, WY
Gillette, WY
Helena, MT
Jackson, WY
Kalispell, MT
Laramie, WY
Moscow, ID
Rexburg, ID
Riverton, WY
Rock Springs, WY
Sheridan, WY
Twin Falls, ID
Browning-Conrad, MT
Buffalo, WY
Cody,WY
Deer Lodge, MT
Dillon, MT
Douglas, WY
Gooding, ID
Grangeville, ID
Hailey-Ketchum, ID
Hamilton, MT
Hardin, MT
Kellogg, ID
Kemmerer, WY
Lander, WY
Libby, MT
Livingston, MT
Montpelier-Soda Springs, ID
Orofino, ID
Polson, MT
Rawlins, WY
Salmon, ID
Sandpoint-Bonners Ferry, ID
St. Maries, ID
Wheatland, WY
Worland-Thermopolis, WY
Idaho 1
Idaho 2
Idaho 3
Montana 1
Montana 2
Montana 3
Montana 4
Montana 5
Wyoming 1
Wyoming 2

Change in average distance ENN (m/km²)
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Percent change
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Figure 22. Graph of change in mean Euclidean Nearest Neighbor from 2001 to 2016 by sub-region.
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Figure 23. Map of change in mean Euclidean Nearest Neighbor from 2001 to 2016.
Breaks are geometric.
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The mean ENN measured the isolation of development patches within the sub-regions or
the mean distance to the nearsest development patch. Satellite, leapfrog, and exurban
development are patterns that result in farther distances between development patches increasing
the area affected by development (Brody 2013). In sub-regions that experienced increased ENN,
isolated and remote energy (e.g., Rock Springs, WY; Kemmerer, WY; etc.) and residential
development (e.g., Polson, MT; Montana 3; Kalispell, MT; etc.) seem to have occurred (Table
11, Figure 22). While the mean ENN quantified the mean change in the isolation of individual
development patches, it may not be the best metric for analyzing sprawl at the sub-regional level.
In sub-regions with a single development hub (as opposed to multiple community centers or
highly dispersed development), such as Kalispell, Sheridan, Polson, and Montana Rural 2, mean
ENN results performed as expected. Remote and isolated development away from the core area
caused an increase in the mean ENN. In sub-regions with multiple communities and towns (e.g.,
Montana 4, Idaho 3, Lander, etc.), mean ENN results did not perform as expected because
isolated and remote development reduced the mean distance between the different communities,
even if it was individually isolated and remote. In regions with multiple cores, a metric that
measures the mean distance to a core area may better indicate sprawl and exurban development
than mean ENN.

Case study: The Sheridan sub-region exemplified how the ENN metric captured new
remote development. Development within the region occurred far away from pre-existing
development demonstrated by the increase in mean ENN. The mean distance between
development patches increased by 2.1 m/km² (10.8%) between 2001 and 2016 (Table 11, Figure
22). Isolated and dispersed development occurred to the south and northeast of the municipal
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boundaries of Sheridan (Figure 24). The sub-region does not contain extensive developability
constraints (ie., public land, conservation easements), as approximately 64.0% of the land in the
county is privately owned (Figure 2). The Sheridan sub-region is congruous with Sheridan
County. Both the county and city of Sheridan, have comprehensive plans (2008) and a joint plan
(2017; Sheridan County Planning Commission 2008; Sheridan County and City of Sheridan
2017). The plans direct growth towards urban areas, and address development in unincorporated
areas. The plans acknowledges that many planning issues including transportation, water, land
management, and service provision are better addressed at a regional level and states there
should be continued cooperation between governing entities and stakeholders (Sheridan County
Planning Commission 2008; Sheridan County and City of Sheridan 2017).
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Figure 24. Map of the Sheridan, WY sub-region, the case study for Mean Euclidean Nearest Neighbor.
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Sprawl index
The Sprawl index identified which sub-regions exhibited changes in their development
indicative of sprawl. Positive Sprawl index values indicate sprawling development patterns, and
negative values indicate compacting development patterns. Since z-score are relative to the
mean, z-score values above 1 indicate a higher degree of the sprawling pattern for each metric
while z-scores below -1 indicate a compaction pattern. The regional mean percent change for
LDD (1.1%), CL (16.0%), and the Shape index (0.6%) were positive, and means for ΔClumpy
index (-1.2%) and ΔENN (-2.0%) were negative (Table 12). The Sprawl index values range
from -3.9 (Montana 5) to 6.8 in (Kalispell, MT; Table 13, Figure 26). Only two sub-regions had
all negative z-scores in the Sprawl index (i.e., Montana 5; Wheatland, WY). Kalispell is the only
sub-region to have all positive z-scores in the index and was selected as the case study for the
Sprawl index (Table 13, Figure 27).

Table 12. Regional mean and standard deviation for calculation of the z-scores to use in the Sprawl index.
Δ Low

Regional Calculations
Mean percent change
Standard deviation

Density
Development

Δ Converted

Δ Clumpy

Land

index

Δ Shape

index

Δ Mean

ENN

1.1

16.0

-1.2

0.6

-2.0

0.03

0.20

0.02

0.01

0.08
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Table 13. Sprawl index results for each sub-region.
Z-scores

Z-scores
Sub-region

Type

Kalispell, MT
Coeur d’Alene, ID
Rock Springs, WY
Bozeman, MT
Rexburg, ID
Idaho Falls, ID
Moscow, ID
Gillette, WY
Polson, MT
Buffalo, WY
Kemmerer, WY
Casper, WY
Sheridan, WY
Helena, MT
Missoula, MT
Lander, WY
Hamilton, MT
Billings, MT
Great Falls, MT
Hardin, MT
Montana 3, MT
Worland-Therm., WY
Rawlins, WY
Lewiston, ID
Montana 2, MT
Cody, WY
Montana 4, MT
Twin Falls, ID
Riverton, WY

Micro.
Metro.
Micro.
Micro.
Micro.
Metro.
Micro.
Micro.
Town
Town
Town
Metro.
Micro.
Micro.
Metro.
Town
Town
Metro.
Metro.
Town
Rural
Town
Town
Metro.
Rural
Town
Rural
Micro.
Micro.

LDD
0.8
2.1
0.9
1.0
0.2
-0.4
-0.6
2.6
-0.3
0.2
0.7
0.9
0.0
0.4
0.2
0.9
-0.3
-0.2
-0.3
-0.3
-0.4
-0.7
0.8
-0.5
-0.9
-0.3
0.4
-0.5
-0.3

CL
2.4
1.1
-0.8
1.7
3.0
2.5
3.0
-0.7
0.4
-0.6
-0.8
-0.8
0.3
-0.2
1.0
-0.6
0.1
0.8
0.8
0.8
-0.4
0.9
-0.8
0.3
-0.8
-0.1
0.6
0.8
0.2

Clumpy
0.3
-0.2
0.8
0.7
-0.7
-0.0
0.0
1.4
0.3
0.1
0.4
0.3
0.8
0.2
-0.3
0.6
0.5
0.7
-0.1
-0.4
0.7
0.2
2.1
0.3
0.9
0.1
0.3
-0.4
-0.3

Shape ENN
1.1
1.5
-0.1
0.2
1.1
0.6
-0.2
-0.5
-1.1
3.0
0.8
1.0
-1.0
0.6
0.1
1.3
-0.5
-0.1
-0.1
0.6
-0.7
-0.3
0.5
-0.2
0.2
0.4
0.8
-0.2
0.2

2.2
0.2
3.0
-0.4
-0.5
0.0
0.0
-0.7
2.8
-0.5
0.7
0.4
1.7
0.9
0.2
-1.1
1.0
-0.5
0.4
-0.1
1.0
0.1
-2.4
0.3
0.7
0.0
-2.1
0.0
0.0

Sprawl
Index
6.8
4.7
3.9
3.2
3.1
2.7
2.3
2.1
2.1
2.0
1.9
1.8
1.8
1.4
1.3
1.0
0.8
0.7
0.7
0.5
0.3
0.3
0.2
0.1
0.0
0.0
0.0
-0.2
-0.3

Cheyenne, WY
Sandpoint-B. Ferry, ID
Evanston, WY
Pocatello, ID
Libby, MT
Idaho 3, ID
Butte, MT
Hailey-Ketchum, ID
Orofino, ID
Gooding, ID
Idaho 1, ID
Grangeville, ID
Wyoming 1, WY
Livingston, MT
St. Maries, ID
Laramie, WY
Kellogg, ID
Brown-Con., MT
Wyoming 2, WY
Douglas, WY
Montana 1, MT
Jackson, WY
Idaho 2, ID
Montpelier-Soda S., ID
Dillon, MT
Deer Lodge, MT
Salmon, ID

Metro.
Town
Micro.
Metro.
Town
Rural
Micro.
Town
Town
Town
Rural
Town
Rural
Town
Town
Micro.
Town
Town
Rural
Town
Rural
Micro.
Rural
Town
Town
Town
Town

0.4
-0.1
0.0
-0.7
0.5
-0.1
-0.6
-0.3
-0.5
-0.6
-0.4
-0.5
3.0
-0.4
-0.4
-0.1
-0.6
-0.4
-0.8
-1.0
-0.5
-0.4
-0.6
-0.7
-0.4
-0.6
-0.5

-0.7
0.0
-0.7
-0.5
0.0
0.3
-0.7
-0.5
-0.8
-0.4
-0.5
0.3
-0.7
-0.8
-0.8
-0.7
-0.8
-0.8
-0.1
-0.8
-0.6
-0.5
-0.8
-0.6
0.1
-0.8
-0.3

-1.0
-0.3
0.0
0.4
-0.8
-0.3
0.3
0.3
0.4
-0.3
-0.1
-2.0
-3.0
0.4
-0.1
-0.6
0.0
-0.4
-0.2
0.5
0.4
0.6
0.9
-1.0
1.1
1.0
0.3

0.7
-0.2
-0.4
-0.2
-0.6
0.8
-0.9
-0.4
-0.7
-0.3
-0.4
-0.1
3.0
-0.4
-0.5
0.6
-0.7
-0.2
-0.6
1.1
-0.9
-0.8
-1.8
0.3
-2.2
-2.0
-1.2

0.2
0.2
0.3
0.3
0.0
-1.7
0.9
-0.1
0.3
0.3
0.2
0.8
-2.1
-0.3
0.2
-0.8
0.3
0.0
-0.1
-1.6
-0.3
-1.0
0.0
-0.4
-1.1
-0.3
-0.9

Sprawl
Index
-0.3
-0.4
-0.7
-0.7
-0.9
-0.9
-1.0
-1.0
-1.3
-1.3
-1.3
-1.4
-1.5
-1.5
-1.7
-1.7
-1.7
-1.8
-1.8
-1.8
-1.9
-2.2
-2.3
-2.5
-2.5
-2.6
-2.6

Wheatland, WY

Town

-1.0

-0.6

-1.2

-0.05

0.0

-2.8

Montana 5, MT

Rural

-0.5

-0.8

-1.7

-0.52

0.5

-3.9

Sub-region

Type

LDD

CL

Clumpy

Shape

ENN

Sprawl index values from highest to lowest Sprawl index value, as well as the contributing z-scores from each change metric, change in low density development (ΔLDD),
converted land (CL), change in clumpy index, change in shape index, and change in Euclidean nearest neighbor (ΔENN). Metric z-scores of 1 standard deviation above or below
are in bold. Type of sub-region is abbreviated: Metro= Metropolitan, Micro= Micropolitan, Town=Small town, Rural= Rural.
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Rural
Small town
Micropolitan
Metropolitan

Wyoming 2
Wyoming 1
Montana 5
Montana 4
Montana 3
Montana 2
Montana 1
Idaho 3
Idaho 2
Idaho 1
Worland-Thermopolis, WY
Wheatland, WY
St. Maries, ID
Sandpoint-Bonners Ferry, ID
Salmon, ID
Rawlins, WY
Polson, MT
Orofino, ID
Montpelier-Soda Springs, ID
Livingston, MT
Libby, MT
Lander, WY
Kemmerer, WY
Kellogg, ID
Hardin, MT
Hamilton, MT
Hailey-Ketchum, ID
Grangeville, ID
Gooding, ID
Douglas, WY
Dillon, MT
Deer Lodge, MT
Cody, WY
Buffalo, WY
Browning-Conrad
Twin Falls, ID
Sheridan, WY
Rock Springs, WY
Riverton, WY
Rexburg, ID
Moscow, ID
Laramie, WY
Kalispell, MT
Jackson, WY
Helena, MT
Gillette, WY
Evanston, WY
Butte, MT
Bozeman, MT
Pocatello, ID
Missoula, MT
Lewiston, ID
Idaho Falls, ID
Great Falls, MT
Coeur d’Alene, ID
Cheyenne, WY
Casper, WY
Billings, MT
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Figure 25. Graph of Sprawl index values by sub-region, and type of urban core.
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Figure 26. Map of the Sprawl Index indicating the degree of sprawl or compaction in each sub-region.
Sub-regions were classified to indicate the degree of sprawl or compaction exhibited by each sub-region.
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The Sprawl index measured the relative change in development composition and
configuration along a continuum of various development patterns considered sprawl. This means
the index showed how much the change in development pattern resembled strip, leapfrog, low
density sprawl or in-fill and compaction. Because the Sprawl index utilized z-scores to
standardize the metric values, the indicators and Sprawl index values are relative to changes in
all the sub-regions. Positive Sprawl index values indicated development patterns that sprawled
when compared to the rest of the sub-regions. Negative Sprawl index values mean a sub-region
either did not exhibit substantial change in development or compacted compared to other
sub-regions. Because the index was the sum of the z-scores for the change in sprawl metrics (i.e.,
ΔLDD, CL, ΔClumpy index, ΔShape index, ΔENN) from 2001 to 2016 (Table 12), the Sprawl
index allowed for negative z-scores of one metric to negate positive z-scores for another metric.
The Sprawl index z-scores and value did not include the change in All Development. Therefore,
it provided information on the form of change in spatial composition and configuration of
development relative to the other sub-regions, but not the magnitude of area of the change. While
the metrics provided valuable insight about changes in development that occurred from 2001 to
2016, close examination of the individual metrics (above) exposed the limitations of the selected
metrics and how they performed in the NRMR. This resulted in the Sprawl index better serving
as an exploratory and experimental tool for the identification of sprawl, and better used to direct
further investigation and to make broad comparisons.

Sprawl Index Patterns
Development progressed uniquely within each sub-region, with some regions exhibiting
relatively higher degrees of sprawling characteristics based on the metrics used to create the
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Sprawl index. The Sprawl index was designed to not only emphasize sprawl, but also provide
insight into the type of sprawl that occurred (e.g., strip, fragmented, low density, etc.). Because
of the limitations of the Sprawl index, conclusive description of changes at the sub-regional scale
could not be drawn without further investigation, but the Sprawl index could serve as an
exploratory tool which helps direct research. It does provide insight about what potential issues
to look for in each sub-region. Generally, sub-regions with high LDD z-scores experienced
relatively higher increases in Low Density Development indicative of low density sprawl (e.g.,
Coeur d’Alene, ID; Bozeman, MT; Gillette, WY; etc.; Table 13). Sub-regions with high CL
z-scores had greater development-related impacts to crop and forest land (e.g., Kalispell, MT;
Bozeman, MT; Rexburg, ID; Moscow, ID; etc.; Table 13). Sub-regions with higher Clumpy
z-scores may have experienced leapfrog or satellite development as new development increased
dispersion (e.g., Gillette, WY; Dillon, MT; etc.; Table 13). Where the Shape z-scores were
higher, sub-regions may have experienced strip development (e.g., Kalispell, MT; Coeur
d’Alene, ID; Buffalo, WY; etc.). In the sub-regions with higher ENN z-scores, remote and
isolated sprawl may have occurred (e.g., Rock Springs, WY; Buffalo, WY; Polson, MT; etc.;
Table 13).

Metropolitan and Micropolitan Sprawl
Most sub-regions that exhibited sprawling development patterns based on the Sprawl
index were Metropolitan and Micropolitan areas (Table 13). Of the top 5 sprawling sub-regions
identified by the Sprawl index (i.e., Kalispell, MT; Coeur d’Alene, ID; Rock Springs, WY;
Bozeman, MT; Rexburg, ID) all are Metropolitan/Micropolitan areas. Rock Springs is the only
one out of the five where the sprawling development pattern was not likely associated with
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amenity-related urban development. Rock Springs likely experienced extensive energy
development (Figure 5). The others are well known for their natural beauty and access to outdoor
recreation. This accents the connection between sprawl and amenity migration in the region,
namely around urban areas. Metropolitan and Micropolitan cores have more employment
opportunities and services making them appealing for migrants and developers (Davis, Nelson,
and Dueker 1994a; Theobald 2004). Exurbs are the fastest developing space in terms of land area
in the United States (Theobald 2004). Most of the Metropolitan and Micropolitan areas in the
NRMR region experienced both urbanization (i.e., process of making an area more urban) and
in-fill (i.e., development of vacant parcels within previously built areas) in the core areas,
indicated by decreases in LDD (e.g., Idaho Falls, ID; Moscow, ID; etc.) or Clumpy index (e.g.,
Coeur d’Alene, ID; Missoula, MT; etc.), and sprawl away from the core indicated by increases in
the other metrics (i.e., Shape index, mean ENN; Table 13).

Compact Development
The Sprawl index indicated compacting development as negative values relative to the
other sub-regions. Many sub-regions with negative Sprawl index values were Small town and
Rural sub-regions (Table 13). They may have urbanized, as many experienced reductions in
ΔLDD, ΔShape index, and mean ΔENN and increases in ΔClumpy index (Table 13). The
sub-regions with the lowest Sprawl index values Montana 5 and Wheatland both seemed to
urbanize as they have negative z-scores for all the metrics, though the growth was likely driven
by different factors. Wheatland’s development seems caused by energy-related jobs (Wong
2016). Development in Montana 5, however, is likely amenity related development. The
sub-region contains a couple small towns including Phillipsburg, Discovery ski resort, and
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Georgetown Lake, and had the second highest percentage of vacation homes (relative to total
homes) in Montana in 2011 at 41.7% (Devlin 2011; US Census Bureau 2011). The difference
between these two sub-regions may point to more variation in the factors driving development in
rural areas compared to Metropolitan and Micropolitan sub-regions. The Jackson sub-region was
the only Micropolitan sub-region with a highly compacting Sprawl index value (Figure 26). This
is could be due to the highly constrained nature of the sub-region due to the minimal amount of
developable land as Jackson is commonly used as the historic example for amenity growth and
development (Figure 1 and 2; Albrecht 2014; Moss 2006).

Energy-related Development
The Sprawl index captured changes in development patterns caused by energy
exploration and extraction. Energy development was assumed based upon examination of Public
lands (Figure 1). The most consistent patterns were positive ΔLDD z-scores, negative CL
z-scores, and positive ΔClumpy z-scores (Table 13). The ΔShape z-scores and mean ΔENN
z-scores, however, were less consistent (Table 13). Sometimes, new energy development
resulted in comparatively small increases in the Shape index from 2001 to 2016, likely caused by
a large number of new, small square-shaped patches of energy development driving down the
mean resulting in negative z-scores in the Sprawl index (e.g., Rock Springs, WY; Gillette, WY;
etc.; Table 10, Table 13, Figure 5). In other cases, new energy development from 2001 to 2016
resulted in the new large, irregular patches of development which resulted in large increases in
ΔShape and high Shape index z-scores (e.g., Buffalo, WY; Wyoming 1; etc.; Table 10, Table 13,
Figure 5). Regarding mean ΔENN, energy development in sub-regions resulted in both the
reduction of development patch isolation (e.g., Gillette, WY; Lander, WY; etc.) and the increase
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of patch isolation (e.g., Rock Springs, WY; Casper, WY; etc.; Table 13, Figure 5). Since the
Sprawl index assessed changes in development relative to the region, the energy site
development, which was often extreme, skewed the means used to calculate the Sprawl index
z-scores. Delineating between residential and energy site development and measuring the two
separately may improve the Sprawl index. Energy development was a large factor in
development progression from 2001 to 2016 indicating that while in some areas landscapes of
production may be shifting into landscapes of consumption, in others they are not.

Sprawl Index Limitations
Although, many previous studies examining development and sprawl employed an index
to summarize change and identify concerning patterns, it became clear through the individual
metric analysis that the index must be refined to address the unique attributes of the region
before it's used to draw conclusions. The NRMR, historical development and land use in the
region seemed to affect the indicators’ results in unexpected ways. The NRMR is not composed
of huge metropolitan areas surrounded by suburbs like many other regions in the United States,
but has been and continues to be a region dominated by smaller urban areas and dispersed small
towns (Albrecht 2014; Bereitschaft and Debbage 2014). It also contains expanses of public land,
which while generally uninhabited, sometimes permits energy site development (Figure 1;
Bureau of Land Management 2016; Limerick et al. 2003). The land cover across the region is
also highly varied compared to smaller regions with more ubiquitous ecosystems (Wickham et
al. 2017). These three regional attributes resulted in confounding results and should be
considered in future iterations of a Sprawl index.
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The conversion of open land into development (CL) is an important land management
concern in the NRMR (Gosnell and Travis 2005; Theobald 2001). Including a metric that utilizes
development-related impacts informs land use planners and managers (Hasse and Lathrop 2003).
The CL metric, however, did not fully capture the development-related risk to working
landscapes and was limited in its comparability. It also did not assess pre-existing landcover
composition of each sub-region in the calculation which limited the applicability of its results
and impacts the Sprawl index values. In sub-regions with larger areas of crop and forest land, a
larger percentage of the development resulted in the conversion of these land types, as shown in
the Moscow case study (Table 7, Figure 12, Figure 13). This resulted in a high Sprawl index
value for CL, even if the other metrics indicated minimal change in development patterns (e.g.,
Moscow, etc.; Table 13). Comparatively, in sub-regions with little or no crop or forest land in
2001, development could not take place on crop/forest land. This resulted in small CL values,
many sub-regions having 0.0% CL (Table 7, Figure 11). The CL z-scores for these sub-regions
(which are calculated relative to the other regions) were inherently negative which reduced the
summed Sprawl index value (Table 13). This may be misleading as it skewed the Sprawl index
value so other changes that occurred in those sub-regions are masked (such as Wyoming 1; Table
13).
The Configuration metrics also posed limitations to the Sprawl index as the historical
development patterns, energy development, and sub-region design produced unexpected results.
Some sub-regions contained a single core area while others contained multiple small cores
(Figure 3). This caused unexpected results in both ΔClumpy and ΔENN (Table 9 and 11). In
addition to this, no method of delineating energy site development relative to urban development
was included. The way energy development progressed varied from urban development. These
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factors resulted in some unexpected Shape index, Clumpy index and mean ENN values, and
ultimately z-scores and Sprawl index values. Considering these factors, extreme changes in
development patterns were not adequately captured by the Sprawl index values. In Wyoming 1, a
sub-region with extensive energy development, all metrics except CL were extreme. ΔLDD (3.0)
and ΔShape (3.0) were extremely high relative to other sub-regions, while ΔClumpy (-3.0) and
mean ΔENN (-2.1) were extremely low (Table 13). The extreme z-scores cancelled out when
summed, resulting in a Sprawl index value that should indicate development compaction (-1.6),
but one which did not describe the on-the-ground change in the sub-region. Adjustments to the
index to better differentiate and describe types of development should examine energy and urban
development separately, adjusting metrics, or taking the absolute value of the z-scores before
summing. The metrics need to be adjusted to create a more accurate index to measure and
identify sprawl in the NRMR, but the Sprawl index provided valuable insight into development
patterns that should be further investigated.

Case study: The Kalispell sub-region had the largest Sprawl index value from 2001 to
2016 (Table 13, Figure 25) meaning that compared to the other sub-regions the change in its
development was the most indicative of sprawl. The sub-region exhibited relatively high
increases in ΔCL (2.4), ΔShape (1.1), and mean ΔENN (2.2; Table 13). New development
occurred within the municipal boundaries of Kalispell, Whitefish, and Columbia Falls, and new
development occurred between the municipal boundaries, in a linear direction to the northwest
along US Route 93, and dispersed to the south (Figure 27). While a large area of the county and
sub-region is occupied by Glacier National Park and other public lands, the space surrounding
the municipalities is not (Figure 1). The area is a classic high natural amenity area with
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topographic diversity, water, and access to those public lands, making it an appealing destination
for amenity migrants (Albrecht 2014; McGranahan 1999). This will likely remain a
Growth/Development Hot Spot and planning and land use management is critical to protect the
land-uses and amenities residents wish to preserve (Devlin 2015; Newburn and Berck 2011).
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Figure 27. Map of the Kalispell, MT sub-region, the case study for the Sprawl index.
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Regional Development Trends
To identify and describe development trends at the regional scale, the metrics were
examined at the regional level (entire study area) and by sub-region type. The mean changes
were used to identify and describe broad trends and patterns for the Northern Rocky Mountain
Region. The results are detailed in Table 14, Table 15, Figure 28, and Figure 29.
Examining development metrics at the regional scale provided information about the
general patterns and concerns in the NRMR, data especially pertinent for regional planning
initiatives and land use management entities with broader spatial governance (e.g., state
governments, BLM, Forest Service, etc.; Benfield 2011; Gerber and Loh 2010).
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Table 14. Summary of regional development metric results by sub-region type.

Region
All Development
Total area 2001 (km²)
Total increase (km²)
Mean area (km²/sub-region)
Percent change
Low Density Development
Total area 2001 (km²)
Total increase (km²)
Mean area (km²/sub-region)
Percent change
Converted Land
Total area converted (km²)
Mean area (km²/sub-region)
Percent
Non-Road All Development
Total area 2001 (km²)
Total increase (km²)
Mean area (km²/sub-region)
Percent change
Clumpy index
Mean ΔClumpy index/sub-region
Mean Percent change/sub-region
Shape index
Mean Δ Shape index
Mean Percent change/sub-region
Mean ENN
Mean Distance (m/km²)
Mean Percent change/sub-region
Sprawl index
Mean Sprawl index
Standard Deviation

Metropolitan

Micropolitan

Small Town

Rural

12,813.7
287.2
5.0
2.2

2,461.5
110.3
12.3
4.5

4,428.7
99.6
7.0
2.2

4,130.6
49.3
2.0
1.2

1,792.9
28.4
2.8
1.6

6,575.6
83.7
1.9
1.7

1,968.6
24.5
1.6
1.1

1,766.6
31.5
1.8
1.5

1,733.5
13.0
2.0
2.8

1,107.4
15.3
1.5
1.3

64.7
1.1
22.5

32.3
3.6
26.2

27.4
2.0
27.1

3.0
0.1
9.2

2.0
0.2
8.3

1,934.0
76.9
1.3
4.0

366.5
28.3
3.2
7.7

911.0
25.8
1.
2.8

474.7
13.7
0.6
2.9

187.8
9.1
0.9
4.8

-0.1
-1.2

-0.1
-1.2

-0.0
-0.7

-0.1
-1.1

-0.1
-2.4

0.0
0.6

0.0
0.8

0.0
0.5

0.0
0.4

0.0
0.6

-0.3
-2.0

-0.1
-0.9

-0.2
1.0

-0.3
-2.7

-0.6
-5.6

-0.1
2.0

1.2
1.7

1.3
2.5

-0.8
1.5

-1.3
1.3
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All Development

Non-Road Development

Low Density Development

Converted Land

Clumpy index

Shape index

Mean ENN

30%

25%

20%

Mean Percent change

15%

10%

5%

0%

-5%

-10%
Region

Metropolitan

Micropolitan

Small town

Rural

Figure 28. Graph of mean percent change of individual development metrics by sub-region type.
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Table 15. Regional trends comparison of All Development and Sprawl index by sub-region type.

Cheyenne, WY
Coeur d’Alene, ID
Casper, WY
Idaho Falls, ID
Billings, MT
Missoula, MT
Great Falls, MT
Pocatello, ID
Lewiston, ID
Gillette, WY
Bozeman, MT
Rexburg, ID
Rock Springs, WY
Helena, MT
Laramie, WY
Kalispell, MT
Sheridan, WY
Riverton, WY
Evanston, WY
Butte, MT
Jackson, WY
Moscow, ID
Twin Falls, ID
Douglas, WY
Kemmerer, WY
Cody, WY
Polson, MT
Buffalo, WY
Lander, WY

Percent
Change
AD
9.1
8.1
6.0
4.4
4.0
3.1
2.4
1.9
1.0
7.9
7.0
5.2
4.1
3.5
3.3
3.0
2.5
2.0
1.7
1.7
1.4
1.1
0.3
4.1
2.5
2.4
2.2
1.8
1.7

Sprawl
index
-0.3
4.7
1.8
2.7
0.7
1.3
0.7
-0.7
0.1
2.1
3.2
3.1
3.9
1.4
-1.7
6.8
1.8
-0.3
-0.7
-1.0
-2.2
2.3
-0.2
-1.8
1.9
0.0
2.1
2.0
1.0

Type

Small Town

Sub-region

Rural

Small Town

Micropolitan

Metropolitan

Type

Sub-region
Rawlins, WY
Wheatland, WY
Deer Lodge, MT
Hailey-Ketchum, ID
Dillon, MT
Gooding, ID
Montpelier-Soda Springs, ID
Livingston, MT
Hamilton, MT
Libby, MT
Hardin, MT
Sandpoint-Bonners Ferry, ID
Grangeville, ID
Kellogg, ID
Browning-Conrad, MT
Worland-Thermopolis, WY
Orofino, ID
St. Maries, ID
Salmon, ID
Wyoming 1
Montana 4
Wyoming 2
Idaho 3
Montana 3
Montana 5
Idaho 2
Montana 2
Montana 1
Idaho 1

Percent
Change
AD
1.7
1.5
1.4
1.1
1.0
1.0
0.9
0.8
0.8
0.8
0.7
0.7
0.6
0.5
0.5
0.4
0.4
0.3
0.2
10.2
2.0
1.1
0.7
0.6
0.5
0.5
0.5
0.4
0.3

Sprawl
index
0.2
-2.8
-2.6
-1.0
-2.5
-1.3
-2.5
-1.5
0.8
-0.9
0.5
-0.4
-1.4
-1.7
-1.8
0.3
-1.3
-1.7
-2.6
-1.5
0.0
-1.6
-1.0
0.3
-3.9
-2.3
0.0
-1.9
-1.3

Sub-regions with over 5% increase in All Development are indicated with a bold number in the Percent Change AD column. Sub-regions with a Sprawl index value greater than 1
are indicated with a bold number in the Sprawl index column.
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Metropolitan

Micropolitan

Small Town

Rural

12%

Percent change All Development

10%

8%

6%

4%

2%

0%
-5

-3

-1

1
Sprawl Index

3

5

7

Figure 29. Graph of sub region type Sprawl index by Percent change All Development distribution.
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Regional Change in Development Area
Considering change in All Development, it is important to keep in mind that new
development occurred in every sub-region from 2001 to 2016 (Table 5, Figure 6). With roads
removed, only one sub-region (Orofino, ID) had no increase in its developed area (Table 8,
Figure 14). While the lower rates of change in some sub-regions may make development-related
concerns seem unimportant, the benefit of the regional scale is that it brings attention to the
broadly ubiquitous trend in landcover shifting into development. Approximately 65.0% of the
region is public land or protected by conservation easements, making a large proportion of it is
generally “undevelopable,” which does not account for the impact of steep slopes or waterways
on developability (Chi 2010). Thus, the area of land available for development is smaller than
the total area of the region, and widespread slow growth can have landscape level impacts if left
to haphazardly progress into the remaining space. Because the development in the NRMR is
dispersed across the region, the larger cumulative change rarely is weighed as it is in this study,
despite the cumulative impacts of development (Travis 2007). The change in developed area
(287.0 km²) is approximately the same size as New York City. The increase in LDD (83.7 km²)
is approximately one-fourth of the increase in AD in the region and approximately the size of
Washington D.C. (68.4 km²) dispersed across the region. The total area of CL (64.7 km²) means
that an area relatively the size of Manhattan (59.1 km²) was converted from crop/forest land into
development. The total regional change in NRAD without roads was 76.9 km², an area larger
than the area covered by Boulder, Colorado (65.3 km²). The total changes in land cover may
seem small relative to the size of the whole region (574,437.0 km²), but when put in perspective
the changes, and ultimately impacts were substantial.
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Regional Change in Development Pattern
While assessing the mean change for the development metrics across the sub-region
yielded small values, it provides a valuable baseline from which to continue monitoring regional
trends (Ewing and Hamidi 2010; Kew and Lee 2013). It can take a sizeable amount of time or
large magnitude of change to see big changes in the metrics, but small changes can indicate the
sprawl potential and act as haphazard development warnings (Ewing and Hamidi 2010). The
regional percent change in LDD (1.7%) and mean percent change for Shape (0.6%) indicated
that Low Density Development in the region increased slightly and the development became
slightly more irregular (Table 14, Figure 28). The regional increase in Low Density
Development means this sprawling development occurred more so than compacting/urbanizing
of previously low intensity. Had LDD urbanized into higher development classes more often
than new LDD was developed, the regional change would be negative. The increase in Shape
index indicated that development patches across the region became more irregularly shaped. This
may be related to strip development and sprawl or related, or developability constraints in the
region (Chi 2010). As mentioned, the NRMR has extensive public land, steep slopes, and many
water bodies (Figure 1). This limits how development can progress (Chi 2010). Examination of
the regional development footprints (Figure 4 and 5) showed that development has generally
occurred as core areas with linear development along valleys and roadways throughout the
NRMR (Travis 2007). Assuming land developability and constraints remain unchanged, the
shape of development may continue to become more irregular as development fills in the
unconstrained areas that remain. The mean CL indicated that the conversion of crop/forest land
impacted approximately 22.5% of the region (Table 12).
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The widespread decrease in the Clumpy index indicated that development became less
dispersed across the region (Table 12, Figure 28). Similarly, the decrease in mean ENN indicated
a reduction in the average distance between development patches. As many of the sub-regions
exhibited decreases in the Clumpy index and Shape index, this likely indicates development
filled in reducing the dispersion and isolation of previous development patches. In the context of
the sprawl, the compaction of development is considered more desirable, although, this regional
change may be more related to the historical development footprint than a result of proactive
land management (Ghose 2004; Travis 2007). Communities in the NRMR have historically been
scattered and isolated across the region with large tracts of public land and mountains separating
them (Albrecht 2014). As transportation infrastructure and development pressure continue and
increase, however, the areas between the once isolated communities seems to fill in (Albrecht
2014). While at the small scale, in-fill is considered a desirable development trend, at the
regional scale it may be more indicative of widespread development reducing the overall
dispersion of communities.

Development and Sprawl Hotspots
Metropolitan and Micropolitan sub-regions are largely the areas that were development
and sprawl hotspots from 2001 to 2016 (Table 15, Figure 29). These sub-regions had the largest
increase in area for AD and NRAD (Table 14, Figure 28). Many of the Metropolitan and
Micropolitan sub-regions had comparatively large increases in AD and high Sprawl index values
(e.g., Coeur d’Alene, ID; Gillette, WY; Bozeman, MT; Rexburg, ID; etc.; Table 15).
While they did not have the largest increase in LDD compared to Small town
sub-regions, LDD comprised approximately 1/5 of the total new development in Metropolitan
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sub-regions and 1/4 of the new development in Micropolitan sub-regions (Table 14). They also
had higher rates of CL, nearly triple the rates that occurred in Small town and Rural sub-regions
(Table 15, Figure 28). This could be related to the fact that more development occurred in these
sub-regions comparatively or indicative of the expansion urban areas into the urban-rural fringe,
i.e. the transition of working landscapes into landscapes of consumption.
These findings are supported by historical development patterns and recent research.
Cities have historically been the growth centers in the west, and it is clear they have continued to
be (Zovanyi 1996). Bozeman has been identified as one of the fastest growing Micropolitan
areas in the country (Economic & Planning Systems, Inc. 2018). The growth and development in
Rexburg has been an example of the spillover effect (Beyers and Nelson 2000; Moss 2006).
Right across the state border from Jackson, but with more affordable costs of living, the
communities in the Rexburg sub-region have been on the receiving end of Jackson’s
development pressure for years (Moss 2006). This could be part of the reason Rexburg emerged
as a hotspot. The Gillette sub-region provided an example of a sub-region where development
was likely driven by energy-related economic opportunities as opposed to the natural amenity
development in Bozeman and Rexburg. The change in All Development and Sprawl index
demonstrate how and to what degree development progressed in the NRMR.

Small Town and Rural Development
Compared to Metropolitan and Micropolitan sub-regions, Small town and Rural
sub-regions generally experienced smaller magnitudes of new development and lower Sprawl
index values (Table 15, Figure 29). Despite these sub-regions experiencing smaller magnitudes
of development, it is clear they grew. While a large part of the development trends observed in
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Small town and Rural sub-regions was driven by extensive energy development,
residential/commercial development around growing small towns did also seem to occur. Small
town sub-regions had the largest increase in LDD (49.2 km²) and percent increase in LDD
(2.8%). In some cases, sprawl goes unnoticed in Small town and Rural areas as the historical
land use patterns are similar to those associated with sprawl (e.g., fragmented, highly dispersed,
remote, etc.), especially in areas like the rural-urban fringe often characterized by their fuzzy
boundaries (Kew and Lee 2013; Scott et al. 2013). In some Small town and Rural sub-regions,
the development was likely associated with spillover from a neighboring Metropolitan or
Micropolitan sub-region (Beyers and Nelson 2000). Sprawling development in Hamilton, for
example, is likely partially related to development pressure in the Missoula sub-region. The
Livingston sub-region may acts as a catchment for the neighboring sub-region of Bozeman’s
development pressure resulting in urbanization. Hines (2010) described the stage of transition in
Livingston as “a long-standing trickle of in-migrants (mostly seasonal residents, retirees, and
members of the national economic and cultural elite).”
Some sub-regions appear to have experienced rural urbanization around small
communities independently, as opposed to spillover from Metropolitan areas (e.g., Dillon, MT;
Montana 5; etc.; Table 14 and Figure 28). Urbanization is indicated through the decrease in
Clumpy index and mean ENN (Table 12). Sub-regions like Grangeville, Salmon, and Idaho 2
seem to be experiencing development unrelated to a nearby urban area as they do not neighbor
development and sprawl hotspots. All three sub-regions contain small towns with ample natural
amenities. Idaho 2 contains Stanley and McCall, two small towns renowned for being vacation
destinations with stunning landscapes and extensive outdoor recreation opportunities. Salmon
and Grangeville are both known for their outdoor recreation access and rivers. These sub-regions
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likely urbanized because of amenity migration which often begins with vacationers buying
property as second homes (Albrecht 2010; Darling 2005). While many of the growing Small
town and Rural sub-regions exhibited urbanization, this was not ubiquitous. The sub-region of
Polson provides an example of a growing small town that exhibited sprawl (Table 12). It is a
high natural amenity area as it borders Flathead Lake and is situated close to Glacier National
Park, and the sprawl seems related to development along the lakeshore in a linear pattern. The
variation in development patterns among these Small town and Rural sub-regions, which likely
experienced amenity-related development, demonstrates the complexity of development
progression. As rural areas often have less stringent land use management and some have been
unprepared for growth, trends in these region are just pertinent to planning considerations as
their Metropolitan and Micropolitan counterparts (Moss 2006; Scott et al. 2013).

103

CONCLUSION
The Northern Rocky Mountain Region saw increases in development across the
urban-rural continuum, even with the economic recession and housing market collapse in 2008
(Islam and Verick 2011; Kotz 2009). Both the magnitude and development pattern varied
widely. Simply put, the NRMR experienced development and is likely to continue developing.
Based upon historical and regional trends, this development pressure will likely continue
and could even increase (Kew and Lee 2013; Theobald 2004; Travis 2007). This research
clarified that, between 2001 and 2016, Metropolitan and Micropolitan areas were the hotspots of
growth and development, but Small towns and Rural areas were also impacted. Small town and
Rural change is often interconnected with Metropolitan and Micropolitan development, although
in some sub-regions rural urbanization is independently progressing. While amenity migration is
a growing influence in the region’s economy and development progression, this research
revealed that oil and gas extraction remained a prominent factor. In many areas, crop and forest
land are at risk of being developed into residential and commercial land. Migration and land
development models suggest exurban development is the leading form of development and will
likely continue to increase (Clark et al. 2009; Theobald 2005). Recent data also indicate that the
rural population is growing (Cromartie and Vilorio 2019). Amenity migration trends suggest that
high natural amenity areas will continue to attract population and development (Albrecht 2014;
Gosnell and Abrams 2011; Travis 2007). Basically, the region is poised to continue to grow and
develop making the findings and implications identified in this study important for proactive
land use planning at the local and regional scale.
The United States Northern Rockies region’s idyllic landscapes, scenic beauty, and
recreational opportunities attracted migrants over the last decades leading to population growth
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and land use development. The reasons developmental progression is a concern are extensive and
multifaceted and include economic stability, environmental and ecosystem health, and the social
well-being of communities (Abrams et al. 2012; Albrecht 2014; Lekies et al. 2015). The region
once dominated by ranching, timber, agriculture, and mining is transitioning into a region
dominated by subdivisions and ranchettes, often called the shift from landscapes of production
into landscapes of consumption, or the transition from “Old West” to “New West” (Shumway
and Otterstrom 2001; Winkler et al. 2007). While the growth and development seem inevitable,
sprawl and haphazard development is not. Many land use planning tools, both regulatory and
non-regulatory, that can be implemented to aid in directing desirable growth patterns (Randolph
2004), and the findings from this study provide a baseline of multi-scale development patterns
with valuable insight for land use planning and research initiatives.

Findings and Implications
While identifying and describing changes in development is an interesting endeavor, it is
ultimately important because of the practical information and potential benefits it can provide. It
does cost governments financial/technical resources to engage in planning and land use
management. However, haphazard and sprawling development may be more costly ranging from
the monetary (increased financial costs to municipalities) to environmental and public health
impacts (Ewing and Hamidi 2010; Hasse 2007; Travis 2007). Sprawl and haphazard
development are not unique to metropolitan areas, but can occur across the rural-urban
continuum (Kew and Lee 2013). As rural areas broadly have less dedicated financial and
planning resources, the changes taking place in these spaces can sometimes go unnoticed or
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unaddressed making haphazard development a risk (Albrecht 2014; Kew and Lee 2013). While
development pressure is not equal across a region, it is interconnected.

Metropolitan and Micropolitan Hotspots
Metropolitan and Micropolitan sub-regions emerged as the development and sprawl
hotspots in the Northern Rocky Mountain Region from 2001 to 2016. They generally exhibited
the greatest increase in developed area and higher Sprawl index values. The development
pressure these growth centers attract is not limited to the cities’ municipal boundaries. The
sub-regions were designed to capture associated development outside of those boundaries.
Interconnected development pressure, like that between Jackson and the Rexburg sub-regions or
the Missoula and Hamilton sub-regions, suggest that spillover from Metropolitan/Micropolitan
areas into surrounding small towns is occurring. To address these types of development
relationships, a regional planning approach may provide the most effective results (Aggarwal
2017; Nash 2012). Many plans examined for the case studies already included sections detailing
cooperation between tiers of government, neighboring counties and states, and local stakeholders
(Beaverhead County Planning Board 2013; City of Dillon 2016; Teton County Planning 2019).
In the Northern Rocky Mountain Region, land management entities include local governments,
county governments, state governments, Native American Tribes, and federal government
agencies including the National Park Service, BLM, US Forest Service, etc. Regional and
cooperative planning can be time and resource intensive, but a broader vision could be valuable.
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Small Town and Rural Growth
Small town and Rural sub-regions experienced growth and development from 2001 to
2016, though it differed from that in Metropolitan and Micropolitan sub-regions. Generally,
Small town and Rural sub-regions had smaller increases in developed area and lower Sprawl
index values. Much of the new development in these sub-regions was related to energy
development, especially in Wyoming. Urban development around small towns and rural
communities from 2001 to 2016 also emerged as a trend in the NRM. Many small towns and
rural communities within the region that have experienced rapid development and population
growth were not prepared for it and it ultimately strained the receiving community (Albrecht
2014; Moss 2006; Sheridan 2007). In some Small town and Rural sub-regions, the development
was likely associated with spillover from a neighboring Metropolitan or Micropolitan sub-region
(e.g., Hamilton, MT; Livingston, MT; Beyers and Nelson 2000). Planning efforts between the
different jurisdictions may better control development, encourage the development hotspot to
share in responsibility for the development pressure, and provide the receiving area with
resources and support (Benfield 2011). Other Small town and Rural sub-regions seem to have
experienced development unrelated to a nearby urban area as they do not neighbor hotspots (e.g.,
Salmon, ID; Idaho 2; etc.). Their development is likely driven by natural amenities and new
vacation homes (Albrecht 2014; Halfacree 2012). Preemptive planning in these areas can protect
the environmental attributes and consider how to best utilize natural amenities to their economic
advantage without sacrificing their quality. The variation and complexity of development
progression and sprawling small towns may serve as a warning for urbanizing rural communities
of what may happen if development is allowed to progress haphazardly. Whether the area is

107

being affected by urban spillover, rural urbanization, or independent growth, coordinated
planning efforts can help rural communities claim and direct their future direction.

Energy and Amenity
Energy site development and natural amenities emerged as factors related to the change
development patterns from 2001 to 2016. While recent literature indicates the growing
predominance of natural amenities in western economies, natural resource extraction, namely oil
and gas, were still a crucial factor. Energy development was most apparent in across sub-regions
in Wyoming. Energy site development provides stable jobs, taxes for education, and various
other advantages to the communities that benefit from it (Limerick et al. 2003). In addition to the
energy development, many of the sub-regions identified as having sprawling development are
high natural amenity areas and the new development in them was residential/commercial (e.g.,
Coeur d’Alene, ID; Bozeman, MT; etc.). Similar to energy development, residential and
commercial development can be advantageous to an economy, but some places have realized that
not all development is economically beneficial (Albrecht 2014). Sprawl can cost municipalities
and taxpayer’s money in the form of providing services and emergency response (Randolph
2004). New growth policies have started to include policies like, “Recognize new revenues from
development don’t always pay for the services new residents require” (Park County Planning and
Development Board 2017). Research has found that the long-term prosperity of the Northern
Rocky Mountain Region relies on the preservation of high quality of life it offers, including
environmental and economic health. Policymakers and planners should therefore consider the
community, environment, and economy in tandem (Vias and Carruthers 2005).
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Future Research Opportunities
This study’s results presented several pathways for general sprawl/development research
and NRMR-specific research. Adjustments to the Sprawl index, inclusion of detailed land use,
and the examination of planning and regulations and development pattern outcomes emerge as
clear research needs.

Sprawl Index
The Sprawl index provided valuable insight in measuring and describing the relative
changes in development footprints in the Northern Rocky Mountain Region from 2001 to 2016,
however; several methods warrant further study. The metrics, specifically the configuration
metrics, used to assess sprawl in the region could be adjusted to better measure changes in
development at the regional scale. The Clumpy index, Shape, and mean ENN may perform better
at narrower geographic scales or over longer periods of time as these types of change take larger
magnitudes of change to register substantial differences in value (Ewing and Hamidi 2010). One
potential solution would be shifting to a core based configuration where the core area of each sub
region is identified and changes in development measured relative to the core area, for example
mean ENN to core area (McGarigal and Marks 1994). Area-based metrics may also perform
better at a larger scale, as they would measure the change in development patches as opposed to
considering the change in development relative to the change in surrounding undeveloped area
(e.g. patch density vs. Clumpy index). Since most of the previous research examines
metropolitan areas and counties, these insights provide context for future studies looking to
expand frameworks and methodologies to include more rural areas.
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While this research primarily set out to analyze the structural facets of development on the
landscape, including changes in composition allows to include the developmental consequences
and impacts of sprawl (Converted Land). It became apparent, however, that its inclusion in the
Sprawl index was problematic as the crop and forest land cover varied across the region (Table 7
and 16). This metric should be amended in future iterations of the Sprawl index. Other
impact-based metrics could also be included including the loss of wetlands, ranching land, or
critical wildlife habitat/corridors (Hasse 2007; Hasse and Lathrop 2003). Calculating the area
where an existing development class transitioned into a higher intensity class (e.g., low intensity
to medium intensity) would clarify urbanization versus new development.
Per capita metrics could also be included in the Sprawl index to make it more informative.
Per capita land use metrics may help in discerning patterns associated with energy development.
They could reduce the energy-related impact on Sprawl index values as energy sites are large
developed areas with no permanent population. Beyond clarifying some of the variation in
development patterns that resulted, per capita indicators would also help delineate urban,
suburban, exurban, and rural areas and provide information about the efficiency of land use.

Land Use Metrics
The primary focus of this research was to identify sprawling residential and exurban
development, but energy development was still a prominent factor in land use and land cover
change in the region. Delineating between residential and energy site development and
measuring the two separately would allow for the Sprawl index to better identify and describe
change in patterns. Land use in general would provide valuable information as agricultural
development versus residential development versus industrial development all have different
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impacts and planning related considerations (Randolph 2004). This would be challenging at the
regional scale as land use data is more easily assessed and accurate at finer scales.

Land Use Planning Analysis
A close examination of the effectiveness of land use plans, tools, and regulations would
provide meaningful findings in the sprawl management literature. Measuring the effectiveness of
planning initiatives requires information about pre-implementation and post-implementation,
long term monitoring of development patterns would be necessary. With long term monitoring
the impact of growth policies, regulations, and tax incentives could be assessed. The Dillon
sub-region (Figure 17), for example, could be studied to determine whether their growth policy,
which included goals to prevent sprawl and exurban development, has done so.

The Future of the Region
This study not only provided results that can inform land use management and plans but
presents a systematic method of assessing regional development change across the urban-rural
continuum. That which makes the region appealing to migrants and developers, the open space,
mountains, rivers, rural charm are the things most at risk in the face of sprawling development.
These are also the characteristics which have the power to unify regional efforts and inspire
cooperation. The identification changing development patterns at the regional scale is a useful
approach for helping stakeholders see the changing patterns on the landscape across the
urban-rural continuum which may not be recognized otherwise. Isolated developments may not
appear problematic until they are viewed not as an individual entity but rather as parts of the
entire system.
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